RENDERING OBJECTS 
Teclmical Field 

The present invention relates generally to rendering objects, and in particular to 
rendering a self-overlapping polygon- 
Background 

Scan conversion is a computer graphics process in which geometrical objects such 
as lines and polygons are converted into pixel data for displaying on a raster device. Scan 
conversion can either operate in a simple "aliased" or more sophisticated **anti-aliased" 
mode. 

In aliased mode, each display pixel is assigned one of two values according to 
whether it is classified as being inside or outside of the object being scan converted. It is 
well known that in this mode, "aliasing" effects can occur along the edges of objects, 
which give rise to "jagged" appearance. Techniques aimed at reducing or eliminating this 
effect are referred to as anti-aliasing techniques. They work by blending the object*s 
colour with the colour of the background along pixels lying on the edges of the object to 
create smooth transitions between pixels lying outside and inside the object. Scan 
conversion methods that incorporate these techniques are said to be operating in "anti- 
aliased" mode. 

Existing anti-aliasing techniques generally fall into one of three types: filtering, 
multi-point sampling, and area sampling. Filtering techniques work by applying a low- 
pass fiher to die pixel values produced by an aliased scan conversion of an object to 
remove the high spatial frequency components that give rise to the "jagged" appearance 
of edges. Since this requires a matrix multiplication at each pixel, filtering techniques are 
computationally expensive. FUtering also has the effect of bluiiing horizontal and 
vertical edges that fall exactly on pixel boundaries that would oth^wise appear sharp 
when scan converted using other anti-aliasing techniques, which may be undesirable. 

In multi-point sampling, each pixel is sampled at several different locations at 
which tests are made to identify which of these points lie inside the object being scan 
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convcrted. The pixel is then assigned a value based on the number of such points. 
Variations of this technique also exist where sampling is perfonned along several 
continuous horizontal or vertical line segments within each pixel instead of at discrete 
locations. The pixel is assigned a value based on the total length of these line segments 
5 that lie inside the object being scan converted. 

A disadvantage of multi-point sampling is that it does not handle thin edges well. 
Consider the examples shown in Fig. 1 and Fig. 2, The object being scan converted in 
both cases is a thin, near-horizontal line. In Fig. J, sampling is perfonned at nine equally 
Spaced points within each pixel. The white and black circles represent sampling points 
10 that lie outside and inside of the line respectively. It can be seen that since all sampling 
points in pbtels 3 and 6 lie outside of the line, these pixels will be treated as if fliey lie 
con^letely outside of the line, and hence tfie scan converted line will appear broken. 

A similar problem exists in Fig. 2, where sampling is performed over three 
horizontal line segments per pixel denoted by the dotted lines. The portion of these line 
15 segments that lie inside the line being scan converted is highli^ted black in the Fig 2. 
Again, the scan converted line will ^ear broken at pixels 3 and 6. 

The third type of anti-aliasing technique is area sampling, where each pixel is 
assigned a value according to the percentage area of the pixel that falls inside the object 
being drawn. Its advantage over multi-point sampling is that it does not suffer from the 
20 problem illustrated in Fig. 1 and Fig. 2 that arise when scan converting thin lines. The 
overriding disadvantage of area samplmg is that whilst straight lines and simple polygons 
can easily be handled, complex, self-overlapping (or self-intersecting) polygons pose a 
problem because of the computational intensive nature of processing such polygons. It 
has been suggested to convert these complex and/or self-overlapping polygon into a 
25 plurality of sm^le mutually exclusive non-interaoctittg polygons prior to ansa sampling. 
However, the procedure Involved is potentiaUy time consuming since it requires the 
calculations of the intersections between every pair of edges of the polygon. This has the 
disadvantage of adding an extra burden to the ahready costly area sampling process. 



581302US.doc 



When scan converting a complex or self-overlapping polygon, it is necessary to 
select a fill rule. A polygon is a set of one or more closed curves each comprising of a 
number of vertices connected by straight line segments. Each closed curve is also known 
as a contour and has an associated direction. A polygon is said to be simple if it 
comprises of only a single contour, otherwise it is said to be complex. A polygon is also 
said to be self-overlapping or self intersecting if one or more of its contours crosses over 
itself or over other contours. Examples of the possible different types of polygons are 
shown in Figs. 3(A), 3(B), 3(C), and 3(D). 

Odd-even and non-zero winding are two fill rules well known to those skilled in the 
art based on the winding count of a point. The winding count of a point is defined as 
follows; draw an arbitrary path firom any point outside of the polygon to this point Count 
the number of times a contour crosses the path from one side of Ihe path to (he other, and 
the number of times a contour crosses the path in the opposite direction. The winding 
count of the point is the obtained by subtracting the second nxmiber from the first 

Wlien using the odd-even fill rule, points that have odd winding counts are 
considered to be inside the polygon and are hence filled with the polygon's colour and 
opacity, whilst points with even winding coimts are considered to be outside the polygon 
and are not filled. 

When using the non-zero winding fill rule, points that have zero winding counts are 
considered to be outside the polygon, whilst points with non-zero winding counts are 
considered to be inside the polygon. 

The publication United States Patent 6084596 discloses a third fill rule, called 
' Vinding-counting", Unlike the non-zero winding fill rules, in which all pixels classified 
as being inside the polygon are rendered with unifonn colour and opacity^, winding- 
counting assigns an opacity value to a pixel according to its absolute winding count 
More specifically, pixels with a zero winding count are classified as being outside the 
polygon and are not filled, and pixels with a +1 or -1 winding count are filled in the same 
manner as in the odd-even and non-zero winding rule. 
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The pixels with a winding count of where |n| > 1, are rendered by performing \n\ 
repeated rendering operations, each time using a pixel with the colour and opacity of the 
polygon. For fully opaque polygons, this produces identical results to the non-zero 
winding fill rule. For partially transparent, cotnplex and/or self-overlapping polygons 
however, winding-counting gives the effect of the polygons being made up of several 
overlapping layers. 

A comparison between the three fill rules is shovm in Figs. 4(a), 4(b), and Fig. 4(c). 
In Fig. 4(a), a partially transparent polygon is rendered using the odd-even fill rule. In (b) 
and (c), the same polygon is rendered using the non-zero winding and the winding- 
countuig fill rules respectively. The centre region of Fig, 4(c) has a winding count of 2 
and hence has been drawn with a higher opacity than the surrounding region. 

However, the scan conversion method of the publication United States Patent 
6084596 suffers fi^om "aliasing" effects. 

Summary of the Invention 
It is an object of the present invention to substantially overcome, or at least 
ameliorate, one or more disadvantages of existing arrangements. 

According to one aspect of the invention, there is provided a method of 
rendering objects, the method comprising, for each said object within a scanUne, the steps 
of: determining each boundary pixel that overlaps both sides of a border of the object; 
computing a real opacity of each said boundary pixel, wherein said real opacity of a said 
boundary pixel is dependent upon an intrinsic opacity of the object, winding counts for 
subregions of said boundary pixel, and values representative of tiie areas of the respective 
subregions with respect to the total area of the boimdary pixel; and rendering each said 
boundary pixel with said computed real opacity. 

According to another aspect of the invention, there is provided apparatus for 
rendering objects, the apparatus comprising processing means for processing each said 
object within a scanline, the processing means comprising: means fox determining each 
boundary pixel that overlaps bofii sides of a bord^ of the object; means for computing a 
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real opacity of each said boundary pixel, wherein said real opacity of a said boundary 
pixel 15 dependent upon an intrinsic opacity of the object, winding counts for subregions 
of said boundary pixel, and values representative of the areas of the respective subregions 
with respect to (he total area of the boundary pixel; and means for rendering each said 
5 boundary pixel with said computed real opacity. 

According to still another aspect of the invention, there is provided a computer 
program for rendering objects, the computer program comprising processing code for 
processing each said object within a scanline, the processing code comprising: code for 
determining each boundary pixel that overlaps both sides of a border of the object; code 
10 for computing a real opacity of each said boundary pixel, wherein said real opacity of a 
p said boundary pixel is dependent upon an intrinsic opacity of the object, winding counts 

yi for subregions of said boundary pixel, and values representative of the areas of the 

ly respective subregions with respect to the total area of the boundary pixel; and code for 

gi rendering each said boundary pixel with said computed real opacity. 

15 According to still another aspect of the invention, there is provided a method of 

lli rendering a self-ov^lapping polygon, wherein the polygon is a set of one or more closed 

P curves each comprising line segments, and the method performing, for a currently 

scanned pixel that overlaps both sides of a said line segment of the self-overlapping 
polygon within a currently scanned scanUne, the st^s of: decomposing that portion of 
20 the polygon that lies within the currently scanned pixel into a number of closed loops 
comprising at least those portions of those line segments that lie within the currently 
scanned pixel, said closed loops are such that when they are combined the combination is 
substantially equivalent to that portion of the polygon that lies within the currently 
scanned pixel ; combining incrementally said closed loops and detexmining one or more 
25 winding count values representative of resp^tive weighted averages of winding counts of 
said combined closed loops; detemiining a real opacity of the currently scanned pixel 
according to a predetermined fill mle utilising an mtrinsic opacity of said polygon and 
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said one or more winding count values, and rendering said currently scanned pixel with 
said determined real opacity. 

According to still another aspect of the invention, there is provided a method of 
rendering a selfoverlapping polygon, wherein the polygon is a set of one or more closed 
5 curves each comprising line segments, and the method performing, for a currently 
scanned pixel that overlaps both sides of a said line segment of the self-overlapping 
polygon within a currently scanned scanline, the steps of: decomposing that portion of the 
polygon that lies within the currently scaimed pixel into a number of clockwise or 
counterclockwise closed loops comprising at least those portions of those line segments 

10 that lie within the currently scaimed pixel, said closed loops are such that when they are 
combined the combmation is substantially equivalent to that portion of the polygon that 
lies within the currently scanned pixel; combining incrementally said clockwise and 
counterclockwise closed loops respectively to produce two corresponding regions, and 
determining two winding count values representative of respective weighted averages of 

15 winding counts of said clockwise and counterclockwise closed loops; detennining a real 
opacity of the currently scanned pixel according to a predetermined fill rule utilising an 
intrinsic opacity of said polygon and said two winding count values, and rendering said 
currently scanned pixel with said detennined real opacity. 

According to still another aspect of the invention, there is pro\dded a method of rendering 
20 a self-overlapping polygon in accordance with an odd-even fill rule, wherein the polygon 
is a set of one or more closed curves each comprising line segments, and the method 
performing, for a cuirently scanned pixel that overlaps both sides of a said line segment 
of the self-overlapping polygon within a currently scanned scanline, the steps of: 
decomposing that portion of the polygon that lies within the currently scanned pixel into a 
25 number of closed loops comprising at least those portions of those line segments that lie 
within the currently scanned pixel, said closed loops are such that when they are 
combmed the combination is substantially equivalent to that portion of the polygon that 
lies within the currently scanned pixel ; combining incrementally said closed loops and 
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detemiining a wmding count value representative of a weighted average of winding 
counts of said closed loops, wherein said weighted average is effecstively equivalent to the 
area of the combined loops; determining a real opacity of the currently scanned pixel, 
where the real opacity of fiie curr«xtly scanned pixel is representative of the product of an 
5 intrinsic opacity of said polygon and said winding count va]ue, and rendering said 
currently scanned pixel with said determined real opacity. 

According to still another aspect of the invention^ there is provided apparatus for 
rendering a self-overlapping polygon, wherein the polygon is a set of one or more closed 
curves each comprising line segments, and the apparatus comprising means for 
10 processing a cuirently scanned pixel that overlaps both sides of a said line segment of the 
^ " selfoverlapping polygon within a curraitly scanned scanline, the processing means 

yj comprising: means for decomposing ttiat portion of the polygon that lies within the 

^ currently scanned pixel into a number of closed loops comprising at least those portions 

- of those line segments that lie within the currently scanned pixel, said closed loops are 

ni IS such that when they are combined the combination is substantially equivalent to that 
^ portionofthepolygonthatlies within the cunently scanned pixel ; means for combining 

CI incrementally said closed loops and detemiining one or more winding count values 

sax 

representative of respective weighted av^ges of winding counts of said combmed closed 
loops; means for determining a real opacity of the currently scanned pixel according to a 

20 predetermined fill rule utilising an intrinsic opacity of said polygon and said one or more 
winding count values, and means for rendering said currently scanned pixel with said 
determined real opacity. 

According to still another aspect of the invention, there is provided apparatus for 
rendering a self-overlapping polygon, wherein the polygon is a set of one or more closed 

25 curves each comprising line segments, and the apparatus comprising means for 
processing a currently scanned pixel that overlaps both sides of a said line segment of the 
self-overlapping polygon within a currently scanned scanline, the processing means 
comprising: means for decomposing that portion of the polygon that lies within the 
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cuirently scanned pixel into a number of clockwise or coimtercloclcwise closed loops 
comprising at least those portions of those line segments that lie within the currently 
scaimed pixel, said closed loops are such that when they are combined the combination is 
substantially equivalent to that portion of the polygon that lies within the currently 
5 scanned pixel; means for combining incrementally said clockwise and counterclockwise 
closed loops respectively to produce two corresponding regions, and determining two 
winding count values representative of respective weighted averages of winding counts of 
said clockwise and counterclockwise closed loops; means for determining a real opacity 
of the currently scaimed pixel according to a predetermined fill rule utilising an intrinsic 

10 opacity of said polygon and said two winding count values, and means for rendering said 
currently scanned pixel with said determined real opacity. 

According to still another aspect of the invention, there is provided apparatus for 
rendering a self-overlapping polygon in accordance with an odd-even fill rule, wherein 
the polygon is a set of one or more closed curves each comprising line segments, and the 

15 apparatus comprising means for processing a currently scanned pixel that overlaps both 
sides of a said line segment of the self-overlappmg polygon within a currently scanned 
scatihne, the processing means comprising: means for decomposing that portion of the 
polygon that lies wifhm the currently scanned pixel into a number of closed loops 
comprising at least those portions of those line segments that lie within the currently 

20 scanned pixel, said closed loops are such that when they are combined the combination is 
substantially equivalent to that portion of the polygon that lies within the currently 
scanned pixel ; means for combining incrementally said closed loops and detennining a 
winding count value representative of a weighted average of winding counts of said 
closed loops, wherein ^d weighted average is effectively equivalent to the area of the 

25 combined loops; means for determining a real opacity of the currently scanned pixel, 
where the real opacity of the currently scanned pixel is repi^entative of the product of an 
intrinsic opacity of said polygon and said winding count value, and means for rendering 
said currently scanned pixel with said determined real opacity. 
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According to still another aspect of the inventioti, there is provided a computer 
program for rendering a selfn^verlapping polygon, wherein the polygon is a set of one or 
more closed carves each comprising line segments, and the coniputer program comprising 
code for processing a currently scanned pixel that overlaps both sides of a said line 
5 segment of the self-overlapping polygon within a currently scanned scanline, the 
processing code comprising: code for decomposing that portion of the polygon that lies 
within the currently scanned pixel into a number of closed loops comprising at least those 
portions of those line segments that lie within the currently scanned pixel, said closed 
loops are such that wh«i fhey are combined flie combination is substantially equivalent to 

10 that portion of the polygon that lies within the curr^tly scanned pixel ; code for 
combining incrementally said closed loops and determining one or more winding count 
values representative of respective weigjited averages of winding counts of said combined 
closed loops; code for determining a real opacity of the currently scanned pixel according 
to a predetermined fill rule utilising an intrinsic opacity of said polygon and said one or 

15 more winding count values, and code for rendering said currently scanned pixel with said 
determined real opacity- 
According to still another aspect of the invention, there is provided a computer 
program for rendering a self-overl^pmg polygon, wherein the polygon is a set of one or 
more closed curves each comprising line segments, and the computer program comprising 

20 code for processing a currently scanned pixel that overlaps both sides of a said line 
segment of the self-overlapping polygon within a currently scanned scanlinc;, the 
processing code comprising: code for decomposing that portion of the polygon that lies 
within the currently scamied pixel into a number of clockwise or counterclockwise closed 
loops comprising at least those portions of those line segments that lie within the 

25 currently scanned pixel, said, closed loops are such that when they are combined the 
combination is substantially equivalent to that portion of the polygon that lies within the 
currently scanned pixel; code for combining incrementally said clockwise and 
counterclockwise closed loops respectively to produce two corresponding regions, and 
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determining two windmg count values representative of respective weighted averages of 
winding counts of said clockwise and counterclockwise closed loops; code for 
detenniTring a real opacity of the cuirently scanned pixel according to a predetennined fill 
rule utilising an intrinsic opacity of said polygon and said two winding count values, and 
code for rendering said currently scanned pixel with said detennined real opacity. 

According to still another aspect of the invention, there is provided a computer 
program for rendering a self-overlapping polygon in accordance with an odd-even fill 
rule, wherein the polygon is a set of one or more closed cxirves each comprising line 
segments, and the computer program comprising code for processing a currently scanned 
pixel that overlaps both sides of a said line segment of the self-overlapping polygon 
within a currently scanned scanline, the processing code comprising: code for 
decomposing that portion of the polygon that lies within die currently scanned pixel info a 
number of closed loops comprising at least those portions of those line segments that lie 
wdthin the currently scanned pixel, said closed loops are such that when they are 
combined the combination is substantially equivalent to that portion of the polygon that 
lies within the currently scanned pixel ; code for combining incrementally said closed 
loops and determining a winding count value representative of a weighted average of 
winding counts of said closed loops, wherem said weighted average is effectively 
equivalent to the area of the combined loops; code for detetmining a real opacity of the 
cuirently scanned pixel, where the real opacity of the currently scanned pixel is 
representative of the product of an intrinsic opacity of said polygon and said winding 
count value, and code for rendering said currently scanned pixel with said determined real 
opacity. 

Brief Description of the Drawings 

A number of preferred embodiments of the present invention will now be 
described with reference to the drawings, in which: 

Fig, 1 illustrates the results of a prior art anti-aliasing method using multi-point 
sampling; 
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Fig. 2 illustrates the results of a prior art anti-aliasing method using line segment 
sampling; 

Figs. 3A, 3B, 3C, and 3D illustrate different types of polygons; 

Figs. 4A, 4B, and 4C illustrate the results of three different fill rules; 

Fig. 5 illustrates a pixel comprising 2 sub-regions of diff^^ent winding counts; 

Fig. 6 is a flow chart of a method 600 of rendering a self-overlapping polygon; 

Fig, 7 illustrates a polygon rendered using the winding counting rule; 

Fig. 8 illustrates a polygon equivalent to that shown in Fig. 7; 

Fig. 9 illustrates another polygon equivalent to that shown in Fig. 7; 

Fig. 10 illustrates another polygon equivalent to that shown in Fig. 7; 

Figs. IIA to IID illustrates a process of approximating contour segments of a 
polygon with straigjit lines; 

Figs. 12A and 12B illustrates another process of approximating contour segments 
of a polygon with strai^t lines; 

Figs. 13 A to 13G illustrates a set of possible contour segments that intersect the 
top pixel boundary; 

Figs. 14A to I4E illustrates a set of possible contow segments that intersect the 
bottom pixel boundary but not the top boundary; 

Figs, 15A to ISC illustrates a set of possible contour segments that intersect the 
left pixel boundary but not the top or bottom boundary; 

Fig, 16 illustrates a set of possible contour segments that intersect the right pixel 
boundary only; 

Fig. 17 illustrates a pixel having two complementary sub-regions; 
Fig. 18 illustrates tiie constructive combination of two regions of a pixel; 
Fig. 19 illustrates the destructive combination of two regions of a pixel; 
Fig, 20 illustrates an 8x8 grid sampling mask; 

Fig. 21 illustrates a number of masks with sampling points on the pixel boundary; 
Fig. 22 illustrates a pixel containing 3 contour segments; 
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Fig. 23 illustrates the combining of the two contoiir segments a and c of Fig, 22 to 
fonn a constituent region; 

Fig. 24 illustrates a constituent region formed by the single contour segment b of 
Fig. 22; 

5 Fig. 25 illustrates coverage regions and their associated area values stored in the 

clock and counter-clockwise accumulators; 

Figs. 26A and 26B is a flow chart of steps 618 to 622 of Fig- 6 in accordance with 
the method 600 shown in more detail; 

Fig. 27 is a flow chart of step 2618 of Fig. 26A in accordance with the method 
10 600 shown in more detail-, 

Figs. 28A and 28B is a flow chart of step 2706 of Fig. 27 in accordance with the 
method 600 shown in more detail; 

Figs 29 is a flow chart of the sub-process adapted to be called by any one of the 
steps 2716, 2714, 2820, 2822, 2828, 2834, 2830, and 2832 of Figs. 27, 28A and 28B in 
15 accordance with the mefliod 600; 

Fig. 30 is a flow chart of step 2630 of Fig. 26B in accordance with l3ie method 600 
shown in more detail; 

Figs. 31 A, 3 IB and 31C is a flow chart of the steps 618 to 622 of Fig. 6 in 
accordance with a variation of the method 600; 
20 Fig. 32 is a flow chart of step 3 II 8 of Fig. 3 1 B in accordance with the variation of 

the method 600 shown in more detail; 

Figs. 33 a flow chart of the step 3124 of Fig. 31B in accordance wifli the variation 
of the method 600 shown in more detail; 

Fig. 34 illustrates the computing of real opacity of a pixel in accordance with a 
25 winding counting rule; 

Fig, 35 illustrates the computing of real opacity of a pixel in accordance with a 
winding counting rule; 

Fig. 36 is a flow chart of a method 3600 of rendering objects; and 
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Fig. 37 is a schematic block diagram of a general-purpose computer, upon which 
the methods 600 and 3600 can be practiced. 

Detailed Description including Best Mode 

Where reference is made in any one or more of the accompanying drawings to 
steps and/or features, which have the same reference numerals, those steps and/or features 
have for the purposes of this description the same £unction(s) or operation(s), unless the 
contrary intention appears. 
1.0 Polygon Fill Roles 

Before proceeding with a description of the embodiments of the invention^ a brief 
review on Polygon Fill Rules is discussed herein. 

A polygon is a set of one or more closed curves each comprising a number of 
vertices connected by straight-line segments. Each closed curve is also known as a 
contour and has an associated directioiL A polygon is said lo be simple if it comprises 
only a single contour, otherwise it is said to be complex, A polygon is also said to be 
self-overlapping or self-intersecting if one or more of its contours crosses over itself or 
over other contours. Examples of ttie possible different types of polygons are shown in 
Fig. 3. 

When scan converting a complex or self-overlapping polygon, it is necessary to 
select a "fill rule". "Odd-even" and "non-zero winding" are two fill mles well known to 
those skilled in the art 

When using the odd-even fill rule, points that have odd "winding counts" are 
considered to be inside the polygon and are hence filled with the polygon's colour and 
opacity, whilst points with even winding counts are considered to be outside the polygon 
and are not filled 

When using the non-zero winding fill rule, points that have zero winding counts 
are considered to be outside the polygon, whilst points with non-zero winding counts are 
considered to be inside the polygon. 
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The winding count of a point is defined as foUowsj draw an arbitrary path from 
any point outside of the polygon to this point. Count the nximber of times a contour 
crosses the path from one side of the path to the other, and the number of times a contour 
crosses the path in the opposite direction. The winding count of the point is the obtained 
by subtracting the second number from the first. 

A more foimal definition of the odd-even fill rule is as follows: if the intrinsic 
opacity of an object at a point P is a, and P has a winding count of n, then point P is 
assigned a real opacity value of: 
a if n is odd, 

Oifniseven. Eqn. (1). 

A more foraial definition of the non-zero fill rule is as follows: if the intrinsic 
opacity of an object at a point P is a, and P has a winding count of n, then point P is 
assigned a real opacity value of 
a if n is non-zero, 

Oifniszero, Eqn. (2) 

lA Windmg-coanting fill rule 

A third fill rule, called **winding-counting% has also been proposed in United 
States Patent 6084596 by George Politis (herein incorporated by reference). Unlike the 
non-zero winding fill rules, in which all pixels classified as being inside the polygon are 
rendered with uniform colour and opacity, the winding-counting fill rule assigns an 
opacity value to a pixel according to its absolute winding count More specifically, pixels 
with a zero winding count are classified as being outside the polygon and are not filled, 
and pixels with a +1 or -1 winding count are filled in the same manner as in the odd-even 
and non-zero winding rule. 

Pixels with a winditig count of where |/it > 1, are rendered according to United 
States Patent 6084596 by performing |n| rq>eated compositing operations, each time using 
a pixel with the colour and opacity of the polygon. For fully opaque polygons, this 
produces identical results to the non-zero winding fill rule. For partially transparent, 
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complex and/or self-overlapping polygons however, the winding-counting fill rule gives 
the effect of the polygons being made up of several overlapping layers. 

A comparison between the three fill rules is shown in Figs. 4A, 4B, and 4C, In 
Fig. 4A, a partially transparent polygon is rendered using the odd-even fill rule. In Figs. 
5 4B and 4C, the same polygon is rendered using the non-zero winding and the winding- 
counting fill rules respectively. The centre region of Fig- 4C has a winding count of 2 
and hence has been drawn with a higher op^ity than the surrounding region. 

A short coming of the definition of the winding-counting fill rule given in United 
States Patent No. 6,084,596 is that it does not address the issue of how polygons are 
10 tendered in anti-aliased mode. A difficulty lies in the treatment of pixcl(s) that comprise 
subregions of different winding counts, as illustrated in Fig. 5 which shows a single pixel 
having 2 subregions of different winding counts. 

The problem does not arise when operating in aliased mode since such pixels are 
always assigned a single winding count, based on certain criteria. For example, the pixel 
15 can be assigned the winding count of the point at the centre of the pixel, or the winding 
count of the largest region of the pixel. In any case, the pixel is then rendered by 
repeatedly performing a number of compositing operations equal to the absolute value of 
the assigned winding count. 

In anti-aliased mode however, it is necessary to take into account the different 
'20 regions that make up the entire pixel. Thus it is not clear how many compositing 
operations are to be performed to render the pixel, nor it is clear what pixel value is to be 
composited each time. 

1.2 New Defiaitiou of the wmding-counttng fill rule 

The purpose of this section is to present a formal definition of a new winding- 
25 counting fill rule that will enable anti-aliased scan conversion methods to be used 
unambiguously. 

Consider the case where two simple, partially transparent polygons of opacity a 
are composited together using the "over" operator as defined in the publication Porter, 
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Thomas, and Duff, "Compositing Digital Images'* SIGGRAPH 84, 1984 (Iierein after 
referred to as Porter et. al). According to the definition of this operator, when a point 
with opacity of au is composited ^over"' another point of opacity the resulting opacity 
is given by: 

In the present example, since the opacity of both polygons is or, fhc opacity of the 
intersection region between the two polygons is: 

Now consider the case where there are n overlapping polygons instead of 2. 
Again each polygon is partially transparent with opacity of cc. When these polygons are 
composited together using the ^*over'* operator as defined in Porter et. al., it can be shown 
by mathematical induction that the resulting opacity of flie intersection region between all 
n polygons is given by: 

l-(l-d^)" • 

Since the aim of the winding-counting fill rule is to create the effect of polygons 
being made up of several layers in regions where the absolute winding counts are greater 
than 1, it is desirable that such regions are rendered witti the same opacity as that would 
be obtained by compositing together the same number of such layers. 

The winding-counting fill rule is thus defined as follows; if the intrinsic opacity of 
an object at a point P is a, and P has a winding count of n, then point P is assigned a real 
opacity value of; 

l-^d^af^ . Eqn. (3) 

Under the winding-counting fill rule, objects are rendered according to their real 

opacities. In contrast, objects are rendered according to their intriiaic opacities under the 

non-zero windmg fill rule. 

For pixels with integral winding counts, the above definition produces identical 

results to that given in United States Patent 6084596. The new definition however, 

allows objects to be rendered more efficiently, since a pixel with a winding count of n 
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needs to be composited only once rather than \n{ times as described in Umted States 
Patent 6084596. Although Eqn. (3) needs to be evaluated to detennine the real opacity 
jfrom the winding count of the pixel, its computational cost can usually be amortised over 
many pixels with the same winding counts and hence will likely be insignificant An 
5 example of how ttiis can be achieved is as follows: 

Given an object with uniforai intrinsic opacity to be rendered, pre-compute the 
real opacities for points with absolute winding counts from 1 to where tn is some 
positive integer. Store these in a look up table indexed by the absolute winding count. 
Then perform the scan conversion as described in United States Patent 6084596, but 
10 instead of compositing a pixel whose winding count is n \n\ times, do the following. If \n\ 
< m, then look up the pre-computed table created to obtain the real opacity associated 
with a wmding count of ln|. Otherwise compute the real opacity using Eqn. (3). 

The above me&od takes advantage of the fact that for most cases, the maximum 
absolute winding count over the entire object is usually rather low, and hence the pre- 
15 computed look up table will likely cover the majority of pixels. 
2A.0 FIRST ARRANGEMENT 

A method 3600 of rendering objects (Fig. 36) in accordance with a first 
arrangement is herein described in section 2A.0. 

The aforementioned new definition (Eqn. 3) allows existing anti-aliased scan 
20 convei$ion techniques to be extended to support the winding-counting fill rule. For 
example, in multi-point sampling methods, instead of rendering each pixel based on the 
total nxmiber of sampling points that lie inside the polygon, each pixel is rendered based 
on the sum of the real opacities at all sampling points. 

This is illustrated in Fig, 34, which shows a pixel comprising a 4x4 array of 
25 sampling points- In the Fig. 34, the black circles represents sampling points, whilst the 
numbers shown indicate the winding counts of the four subregions of the pixel. Since the 
real opacities associated with winding counts of 0, 1, and 2 arc 0, «, and 2a - o?^ 
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respectively, where a is the intrinsic opacity, the sum of the real opacities at all sampling 
points is: 

The pixel is then assigned an opacity value equal to this sum divided by the total 
5 nionber of sampling points. 

Anti-aliased scan conversion methods based on area sampling can be extended to 
support the winding-counting fill rule in a similar way. Instead of rendering each pixel 
axxording to the percentage area of the pixel that falls inside the polygon, it is rendered 
according to the sum of the percentage areas of the different subregions that make up the 
10 pixel, weighted by their real opacities. This is illustrated in the example shown in Fig. 35, 
which shows the four sub-regions of the polygon within the pixel. For the example 
shown in Fig. 35 this sum is computed to be: 

where x,y axe the percentage areas of the subregions whose winding count is 1, 
15 and z is the percentage area of tlie sub-region whose winding count is 2> 

Timiing now to Fig. 36, there is shown a method 3600 of rendering objects using 
a scanline process in acconJance with a first arrangement The method 3600 comprises 
the following steps performed for each one of the objects within each scanline. 

The method 3600 commences at stq3 3601, where any necessary parameters are 
20 initialised. The method 3600 may be called by a main method for the processing of each 
object within each scanline. After completion of step 3601, the method 3600 continues to 
step 3602. 

During step 3602, the method 3600 detemiines the intersections of all the edges of 
the object that intersect the current scanline. Preferably, these intersections are specified 
25 by the X co-ordinate location that the edge intersects with the top of the current scanline. 
Alternatively, these intersections may be specified by the x co-ordinate location that the 
edge intersects with the bottom or any horizontal line that runs through the current 
scanline. After completion of step 3602, the method 3600 proceeds to step 3604. 
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During step 3604, the method detennines those "boundary" pixels which straddle 
the edges of the object within the current scanline. The intersections determined during 
step 3602 specify the locations within the boundary pixel where the edge of the object 
intersects the current scajihne. Steps 3604 and 3602 may interchanged in the sequence of 
5 stq>s of the method or performed simultaneously together. 

After completion of st^ 3604, the method proceeds to st^ 3606, where the 
method 3600 determines for each pixel in the current scanline a directional count of the 
nximber of edges of the object that intersect the current scanline prior to the current pixel. 
The directional count sums the aforementioned edges, which have a first direction and 
10 sums the aforesaid edges, which have a second direction and subtracts the first sum &om 
the second to obtain the count. The directional count is in effect a winding count of the 
current pixel or a sub-region of the current pixel, depending upon whether an edge of the 
object intersects the previous pixeL After completion of step 3606, the method proceeds 
to decision block 3608. 

15 The method 3600 scans each pixel with the current scanline and checks in 

decision block 3608 whether the currently scanned pixel is a boundary pixel 

If the decision block 3608 returns TRUE (YES) the method proceeds to step 3610 
where the real opacity of the boundary pixel is computed. The method 3610 computes 
the real opacity of the boimdary pixel in accordance with the technique described with 

20 reference to Fig. 34 or 35. The directional count of the previous pixel is used as a basis 
for determining the windmg count of the different regions or sampling points within the 
current pixel. After completion of step 3610, the method proceeds to step 3614. 

On the other hand, if the decision block 3608 returns FALSE (NO) the method 
proceeds to step 3612 where the real opacity of the non boundary pixel is computed. The 

25 method 3610 computes the real opacity of the current pixel according to formulae (3), 
whereui the winding count of the current pixel is the directional count of flxe previous 
pixel. 
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After completion of cither steps 3610 or 3612, the method 3600 rondcrs the pixel 
in accordance with the computed real opacity. 
2.D SECOND ARRANGEMENT 

A method 600 (Fig. 6) of rendering in accordance with a second arrangement is 
described herein in sections 2.0 to 1 LO. The method 600 is capable of scan converting a 
self-overlapping polygon, according to any one of the odd-even, non-zero-winding, and 
the winding-counting fill rales in an efficient anti-aliasing manner. It is not intended that 
the second arrangmcnt be limited to any particular type of fill rule. As will become 
apparent the method 600 has general applicability to a method of rendering self- 
overlapping polygons. However^ the method 600 is able to render not only self- 
overlapping polygons, but also other objects such as lines, simple polygons, and complex 
polygons. However, for ease of explanation, the stc^s of the method 600 are described 
primarily with reference to the rendering of simple and complex self-overlapping 
polygons. Furthermore, the method 600 may also have application to the rendering of 
objects formed by general curves. In the latter case, these general curves are first 
converted to a strai^t-line approximation of line(s) and/or polygon(s) before processing 
by the rendering method 600. 

Turning now to Fig. 6, diere is shown a flow chart of the method 600 of rendering 
a self-overlapping polygon comprising one or more closed curves. The polygon is 
preferably represented as a list of straight-Kne segments each specified by the x,y co- 
ordinates of its starting point and endpoint; an unique mmiber indicating to which closed 
curve it belongs; and a direction defining whether the straight-line segment is pointing up 
or down with respect to the top scanline. If the strai^t-line segment is horizontal, an up 
direction defines that the straightTline segment points to the left and a down dhxsction 
defines that the straight-line segment points to die right. The x,y co-ordinate systmi is 
such that the origin is located at the top-left comer of the first pixel in the first scanline in 
raster scan order, and the x and y co-ordinates extending to the right and downwards to 
the bottom right comer of the last pixel in the last scanline in raster scanline order. 
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The method 600 performs the following steps for each pixel within each scanline. 
The method 600 commences at step 602, where any necessary parameters are initialised. 
The method 600 may be called by a main method for the processing of the self- 
overlapping polygon. After completion of step 602, the method 600 continues to step 
604. 

During step 604, the method 600 first detemunes fiom the aforementioned list 
those straight-line segments that intersect the ouirent scanlinc and makes a sub-list of 
those straight-line segments. The method 600 then detennines for each straight-line 
segment of the sub-list the location of the intersection of that straight-line segment with 
the current scanline. Preferably, these intersections are specified by the x co-oidinate 
locations that the line segment intersects with the top and bottom of the cmrent scanline. 
After completion of step 604, the method 600 proceeds to step 606. During step 606, the 
method determines those '*boundaiy" pixels that straddle the line segments of the polygon 
within the current scanline. It will be apparent to those skiUed in the art that the number 
of "boundary pixels" tiiat straddle a line segment of the polygon within the current 
scanline will depend on the slope of that line segment. The method determines those 
"boundary pixels" which straddle the line segments fiom the intersection locations 
detemiined during st^ 604. 

After completion of step 606, the method 600 proceeds to a loop 608 con^rising 
steps 610 throu^ to 624, The loop 608 scans and processes flie pixels of a current 
scanKne, one at a time in raster order, commencing with the leftmost pixel in the current 
scanUne and finishing with the rightmost pixel in the current scanline (or vice versa). The 
steps 610 through to 624 are perfonned on each scanned pixel within the current scanline. 
Prior to the processing of each currently scanned pixel by die loop 608, the loop 608 
generates a further sub-list, hereinafter called the current sub-list, &om the 
aforeraaitioned sub-Hst This current sub-Kst comprises only those straight-line segments 
that intersect the cunrently scanned pixel of the current scanline. Preferably each of these 
straight-line segments in the current sub-list are specified by their location of its starting 
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point and endpoints within or on the boundary of the currently scanned pixel These 
locations are preferably specified by a new x,y co-ordinate system such that the origin is 
located at the top-left comer of the currently scanned pixel, and the x and y co-ordinates 
extending to the right and downwards to the bottom right com^ of the currently scanned 
pixeh For exaniple see Figs. 13A to 15C. These straight-lme segments of the cunent 
sub-list are also specified by a direction defining whefho- the straight-line segm^t is 
pointing up or down and an unique number indicating which closed curve they belong in 
similar fashion as described above. 

The steps 610 through to 624 of the loop will now be described for one currently 
scanned pixel 

Daring step 610, the method 600 detennines for a cuirently scamied pixel in the 
current scanline a directional count of the number of line segments of the polygon that 
intersect the top of the current scanline prior to the current pixeL The directional count 
sums the aforementioned line segments, which have a first direction and sums the 
aforesaid line segments, which have a second direction and subtracts the first sum from 
the second to obtain the count Preferably^ the directional coimt is determined with 
reference to the top left comer of a current pixeL This directional count is called the 
initial winding count of the current pixel It will be apparent, if only one line segment 
intersects the cutrent pixel at the top of the current scanline, then the initial winding count 
of the next pixel in the scanline will differ fi:om the initial winding count of the current 
pixel by one. Preferably, the initial winding count of a currently scanned pixel is 
determined in a iterative manner from the initial winding coimt of the previously scanned 
pixel and the number of line segments and their directions that intersect the previously 
scanned pixel that was determined during the previous pass of the loop. Aft^r completion 
of step 610, the method proceeds to decision block 612. 

The decision block 612 checks whether the currently scaimed pixel is a boundary 
pixel If the decision block 612 returns FALSE (NO) the method 600 proceeds to step 
614 where the real opacity of the non-boundary pixel is computed. Preferably, the 
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method 600 utilizes the winding-counting fill rule and computes the real opacity of the 
current pixel during step 614 according to Eqn, (3) described above, wherein the winding 
count used is the initial winding count of the current pixel. 

In a further variation, the method 600 utilizes the odd-even fill rule and the real 
5 opacity of the current pixel during step 614 is assigned a value in accordance with Eqn, 
(1) described above, wherein the winding count used is the initial winding count of the 
current pixel. In a still lUrther variation, the method 600 utilizes the non-zero fill rule and 
the real opacity of tfie current pixel during step 614 is assigned a value in accordance with 
Eqn, (2), wherein again the winding count used is the initial winding count of the current 
10 pixel. 

On the other hand, if the decision block 612 returns TRUE (YES), the method 
preferably proceeds to step 616, In step 616 each contour of the polygon within the 
currently scanned pixel (viz contour segment) is approximated with one or more straight- 
line segments joining the entry and exit points on the boundary of the current pixel. 

15 Specifically, the method 600 approximates the straight-line segments of the current sub- 
hst and updates the current sub-list with these approximated straight-line segments. The 
manner in which the contour segment(s) are approximated is described below in more 
detail in the section "4,0 Straight line Approximation of Contour Segments". 

After completion of step 616, the method 600 then proceeds to step 618, where 

20 that portion of the polygon within the currently scanned pixel is decomposed into a 
number of individual closed loops comprising those contour segments that lie within the 
currently scanned segment. Hiese individual closed loops are either clockwise or 
counterclockwise closed loops and consist of either one or two contour segments. These 
individual closed loops are created in such a manner that when the individual closed loops 

25 are combined, the winding counts and area of the regions of the combined closed loops 
within the currently scanned pixel are approximately equivalent to the winding counts and 
areas of the regions of the polygon within the currently scanned pixeL The method 600 
performs this task utilixuag flie information from the current updated sub-list. The theory 
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behind the decomposition of a polygon is described below in more detail in the section 
"J. 0 Polygon Decomposition 

The method 600 diiring this decomposition process 618 creates these individual 
closed loops from regions defined by one or two contour segments respectively. At the 
same time the method determines the directions of the individual closed loops and their 
area values. The method 600 creates an individual closed loop comprising two contour 
segments by destructively combining two regions defining the respective two contour 
segments. The method 600 creates an individual closed loop comprising one contour 
segment from the region defitxing that contour segment. In the latter case, the area value 
of the closed loop is the area value of the region defining the contour segment. 
Specifically, a region defining a contour segment is that region on one side of the contour 
segment boimded by the contour segment and the bomdary of the pixel. In this sense two 
such regions define a contour segment. The method, when creating an individual closed 
loop from two contour segments, uses those two regions residing on those sides of the 
contour segments that result in the constituent region when those two regions are 
combined destructively. Similarly the method, when foiming a single closed loop defined 
by one contour segment^ uses that region R residing on that side of the contour segment 
which is equivalent to the constituent region* The manner in which a closed loop is 
formed from two contour segments is described in more detail in the "7,0 Combining 
Regions", "7.7 Mask Creation*' and '7.2 Mask Operations''. The area value of an 
individual closed loop comprising two contour segments is detennined from the 
respective area values defined by the two contour segments. In turn, the area value(s) 
defining each contour segment is detennined utilizing the techniques described in Section 
"J. 0 Coverage Area of a Region defined by a Single Contour Segment'^ 

In another variation of the method, the line segments are not approximated and 
area values defined by each contour segment are directly calculated. As will he apparent 
from the aforementioned sectiom, the size of any region contained within a pixel is 
expressed as the ratio of ttie area of the region within the pixel to the total pixel area. 
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which total pixel area is taken as bdng one square unit. For the purposes of this 
specification, the term area value(s) is taken to mean such ratio(s), unless otherwise 
expressed or implied to the contrary. 

After completion of step 61 8, the method 600 then proceeds to step 620, where the 
method 600 combines incrementally the individual closed loops and determines at least 
one winding count value rqjresentative of a weighted average of the winding counts of 
the closed loops. 

Prefra:ably, the method 600 during this step 620 combines incrementally the 
clockwise and counterclockwise closed loops separately to produce two combined regions 
respectively. Namely, the clockwise closed loops are combined incrementally to produce 
a first combined region, and the counterclockwise closed loops are combined 
incrementally to produce a second combined region. During this step 620, ttie method 
also preferably deteimines in an incremental manner a first winding count value 
representative of a weighted average of the winding counts of the combined clockwise 
loops. In a similar fashion, step 620 also preferably determines in an incremental manner 
a second winding count value r^resentative of a weighted average of the winding counts 
of ttie combined counterclockwise loops. In this particular an^gment, each of these two 
winding count values is detennined by summing the area values of the closed loops 
having the same winding count sign. As it will become parent fiom the description 
below, it is possible that two or more closed loops having the same winding count sign 
will intersect In these circumstances, the summing operation of the areas will result in 
the area of the intersecting region contributing to the winding count value two or more 
times depending upon the number of closed loops that form the intersection region. The 
number of times a particular area of a closed loop contributes to the total area is the 
winding count within that area. In fliis way, fee winding count value is effectively a 
weighted average of the winding counts, where the weighting coefficients are the area 
values of those regions havijig those winding counts respectively. 
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Also during this step 620, area values of these two combined regions are 
calculated. One of these two area values is a measurement of the area of those closed 
loops within the currently scanned pixel having positive winding counts. The other of the 
two area values is a measurement of the area of those closed loops within the currently 
scanned pixel having negative winding counts. As mentioned above, it is possible that 
two or more regions of the closed loops having the same winding count sign will 
intersect. As distinct from the winding counts^ the area of any intersecting region 
contributes only once to the area values, 3s these two area values are strictly 
representative of the area of the closed loops having positive and negative winding counts 
respectively. 

The method in step 620 lastly combines the two combined regions, namely the 
combined clockwise closed loops and the combined counterclockwise closed loops. As 
will be described in more detail latter, those areas of intersection occurring betwem the 
two regions will combine destructively. The method first computes an absolute weighted 
average winding count for each of the two regions by dividing their coixesponding 
weighted average winding counts by the total area value of the corresponding region. An 
absolute weighted average winding count of these intersection regions is then set to the 
absolute value of the difference between the absolute weighted average winding count of 
the two regions. 

The theory bdiind computing these winding count values and area values is 
described below in more detail in the sections ''6,0 Weighted Average Winding Count 
Approximation", ''8.0 Merging a Constituent Region into an Accumulator" and "S.i 
Merging Regions of the Clockwise and Counterclockwise Accumulators**. 

After completion of step 620, the method 600 then proceeds to step 622, where the 
method 600 determines the real opacity of the currently scanned pixel according to a 
predetetmined fill rule and using an intrinsic opacity of the polygon^ and the at least one 
winding count value determined during step 620. As mentioned above, die method in 
step 620 preferably computes the absolute weighted average winding counts for the two 



581302US.doc 



-27- 



combined regions and the absolute weighted average winding count for the intersection of 
those two regions. The method 600 preferably determines 622 the real opacity of the 
currently scamxed pixel according to a predetermined fill rule and using as parameters; the 
intrinsic opacity of the polygon, the absolute weighted average winding counts of the two 
combined regions and the absolute weighted average winding count of the intersection of 
the two combined regions, the area value of the intersection of the two combined regions, 
and the area values of the two combined regions both excluding ttie area of the 
intersection. The predetermined fill rule used is preferably the windii?g counting fill rule, 
but the odd-even fill rule or non-zero fill rule may alternatively be used. The manner in 
which the real opacity is computed is described in more detail below in section "9.0 
Computing the Real Opacity of a Boundary Pixel". 

After completion of steps 614 and 622, the method 600 then renders the currently 
scaimed pixel in accordance with the computed real opacity. The method 600 then 
proceeds to the next pixel within the scanline for processing. If there are no more 
remaining pixels within the scanline to be processed, the method 600 terminates and 
returns to the main method- 

For ease of explanation, the method 600 has been described ^ove as performing 
the st^s 618 and 620 in sequence. However, the method 600 preferably performs these 
steps 618 and 620 together in an incremental manner. The method for performing steps 
618 to 622 is described in more detail below in the section "J 0,0 The Rendering Method 
600 in more Detail"^ A variation of the prefeired rendering method for performing steps 
618 to 622 is described in Section 1 1.0. 

Although the method 600 presented above is capable of operating under any fill 
rule, it is possible to implement a fiirther variation of the method that takes advantage of 
the special properties of the odd-even fill rule. The method, in this variation, detennines 
during step 620 a winding count value representative of a weighted average of winding 
counts and areas of the closed loops. In this variation of the m^od 600, the winding 
count for each closed loop is taken as one (1) irrespective of its associated direction. 
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Also, the areas of odd winding counts will contribute only once to the total of the winding 
count value for the purposes of its contribution to the overall opacity, whereas the areas of 
even winding coxmts will not contribute at all in accordance with the odd-even fill rule. 
Furthermore, according to this variation of the method 600, the weighted average of the 

9 

winding counts is effectively equal to the area value of the combined closed loops. The 
real opacity of the currently scanned pixel is then computed during step 622 as being 
representative of the product of the intrinsic opacity of 'the polygon and the area value of 
the combined closed loops. This variation of the method is described m more detail 
below in the section "ILO Variation of the Rendering Method 600 in More DetaiV\ 

The aforementioned rendering methods work by decomposes the coverage area of 
a polygon within each pixel into separate constituent regions, which constituent regions 
are simple regions whose winding counts and pixel coverage areas can be easily 
computed. The constituent regions are then combined together to obtain a wei^ted 
average of the wmding counts and area values of the self-overlapping polygon in a 
relatively efficient and accurate maimer. 

The method is preferably based on area sampling and is free from the defects of 
multi-point sampling associated with thin edges, ft also overcomes the conq)utational 
complexity suffered by conventional area sampling methods by computing approximate 
(rather than exact) area values. 

The rendering method also takes advantage of the fact that under most 
circumstances, the computation of the pixel coverage areas need not be very accurate at 
all. This is evidently shown by the existence of multi-point samphng anti-aliasing 
techniques. These techniques are essentially approximate forms of area sampling, where 
the pixel coverage areas are approximated by the number of sampling points that fall 
inside the polygon being scan converted, 

The defects of multi-point sampling techniques however highlight circumstances 
where accurate area computation is necessary - when scan converting thin lines. This is 
because the coverage area per pixel of thin hnes is very small, and hence any small 



581302US.doc 



-29- 



absolute variation in the computed area values would equate to a large percentage 
variation. If these variations occur over the length of a line, then it will appear to the 
viewer to have non-uniform thickness. 

As a result of the above observations, the rendering method has also been 
designed so that accurate area calculations are made when encountering pixels intersected 
by lines and similarly simple objects, whilst not affording the same level of acciuacy to 
pixels intersected by more complicated edge combinations. This allows the rendering 
methods to achieve a similar level of efficiency to multi-point sampling techniques, but 
without their inherent defects. 
3.0 Polygon Decomposition 

Turning now to Fig. 7, there is illxistrated a polygon 700 to be rendered using the 
winding counting rule. The dotted box represents the bouudaiy of a pixel whose opacity 
value is to be determined by the method 600. An arrow indicates the direction of the hue 
segment of the polygon. The polygon is partially transparent with an intrinsic opacity of 
a. In the following and all subsequent discussions in this document the area of each 
pixel will be assumed to be 1, without loss of generality. 

For the purposes of this description, each length of Ae polygon from the point 
where the line segment of the polygon enters to the point where it leaves the pixel is 
referred to as a contour segment. In the above example, there are three contour segments 
h and 

The winding counts, for any given polygon, at all points within a particular pixel 
(and hence how the polygon is filled) is completely determined by the set of contour 
segments that reside fully inside the pixel boundary, and the initial winding count at a 

e 

single reference point on the pixel boundary. Outside of the pixel boundary, the 
behaviour of the polygon is irrelevant as far as the pixel is concerned. This means that 
the interconnections between contour segments outside of the pixel can be rearranged in 
any maimer without affecting the final outcome of the winding counts within the pixel, as 
long as it does not alter the winding count of the reference point The method 600 



581302US.doc 



-30- 



decomposes the polygon into a number of simple closed loops, which may be then 
processed in turn* 

Turning now to Fig. 8, there is shown an equivalent polygon to Fig, 7 in which 
each contour segment forms a closed loop. In this polygon, the exit and entry points of 
5 each contour segment are connected to form a closed loop. The pixel region defined by 
each closed loop is referred to as a constituent region. 

Depending on tixe initial winding count of the given reference point, and on how 
the reconnection of contour segments is performed^ it may be necessary to introduce 
additional circular loops that enclose the whole pixel to ensure that the winding count of 

10 the reference point remains unchanged. For example, if the loop labelled Ainihc above 
Fig. 8 is formed on the left hand side of the pixel rather than the right, then an additional 
counter-clockwise loop Z> as shown m Fig. 9 is needed. In this way, the loops of Fig, 9 
produces an equivalent polygon to Fig. 7 since the combination of loops A* and D is 
equivalent to a single loop A shown earlier. 

15 Although the two polygons shown are theoretically equivalent, in practice they 

may give rise to different pixel coverage values due to the use of approximation 
techniques to be described later. Since approximations may be introduced whenev^ 
constituent regions are combined, polygons conD5)rismg fewer loops are usually more 
desirable as this generally implies fewer chances of errors. 

20 As a result, it is preferable to combine certain contour segments together to reduce 

the number of loops and hence further improve accuracy. Naturally, overly complicated 
loops whose coverage areas are difficult to compute should be avoided since they would 
defeat the purpose of polygon decomposition. 

Turning now to Fig, 10, there is shown the preferred manner of -connecting 

25 contour segments to form the closed loops. Preferably, pairs of contour segments of 
opposing direction are coxmected to form a closed loop having a single constituent region. 
Loop E has been fonned by connecting together the contour segments a and c of Fig. 7, 
Contour segment B that remains after the pairing is joined with itself to fomi simple 
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closed loops as before- The manner in which these closed loops are formed is described 
in more detail below in Sections 10,0 and 10.2 

Having decomposed the polygon into a number of closed loops having constituait 
regions, the winding count of any point inside the pixel can simply be determined by 
5 counting the number of clockwise loops that enclose it, and subtracting the number of 
enclosing countar-clockwise loops (or vice-versa since the sign of the winding count is 
not important). Note that loops that are self-intersecting may enclose parts of the pixel in 
one direction, whilst enclosing other parts in the opposite direction. For ex^ple, the 
upper part of loop E in Fig. 10, above its self-intersecting point describes a counter- 

10 clockwise loop, whereas the lower part describes a clockwise loop. 

If two constituent regions are then merged, what happens at the intersectiou area is 
dependent on tite relative directions of the enclosing closed loops. If the constituent 
regions are enclosed by loops of the same direction, then the absolute winding count of 
the intersection region increases, whereas if the constituent regions are of opposite 

15 directions, then the absolute winding count decreases. In the former, the two constituent 
regions are said to combine constructively, whereas in the latter, they are said to combine 
destructively, The situation is slightly more complicated when one or both constituent 
regions are self-intersecting, in which case parts of the intersection area may combine 
coustruotively, whilst other parts may combine destructively. For example, m Fig. 10, the 

20 intersection area between the constituent regions defined by E and B comprises of the 
subregions x and The regions combine constmctively in x but destructively iny. 

From the areas of the two constituent regions, and the areas of the different 
intersecting subregions, it is possible to compute the overall opacity of the pixel. In the 
example of Fig. 10, let the areas of the two constituent regions be denoted by e and Z?, 

25 then the overall opacity under the winding-coimting fill rule can be computed as 

where a is the intrinsic opacity of the polygon. 
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Under the non-zero winding fill rule, the opacity of the constructively combined 
intersecting region xisa instead of (2cf - and hence the overall opacity of the pixel is 
given by 

Under the odd-even fill rule on the other hand, the opacity of the region denoted 
by X is 0, and hence the overall pixel opacity becomes 

Although it is theoretically possible to derive similar equations for conqiuting the 
opacity values of pixels comprising of three or more constituent regions, the resulting 
complexity would make it impractical. The method 600 overcomes this problem by 
incrementally combining the closed loops by merging a new closed loop together with the 
previously combined loops at each increment. The method 600 further reduces the 
computational complexity by approximating the areas of the loops and any intersection 
areas between constituent regions of the closed loops. 
4.0 Straight line Approximation of Contour Segments 

Since computing the areas of regions defined by arbitrary contour segments is 
time consuming, the method 600 approximates during step 616 the contour segments of 
the polygon. During this step 616, the method 600 replaces each contour segment in the 
currently scanned pixel by two straight-line segments joining the points at which the 
contour segment enters and leaves a pixel, and a third point which is the average of all 
vertices of the contour within the pixel. Contour segments that are already straight-line 
segm^ts joining the entry and exit points remain unaltered, and contours that lie 
completely inside the pixel boundary are discarded. Specifically, the method 600 
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approximates the straighMine segments of the curr^t sub-list and updates the current 

sub-list with these approximated straight-line segments. 

Turning now to Figs. HA to IID, there is illustrate the process 616 of 

approximating contour segments of a polygon with straight lines. In each of the first two 

examples (Figs, 11 A and 1 IB), the contour segment entesrs the pixel at exits at 5, and 

contains two vertices (jci, and (jcz. yii- It is approximated by line segments joitiing 
point |^fili2.^ZLiZij being die average of (x;, yi) and (3:2, yii, and B. ti the third 

example (Fig. IIC), no approximation is needed as it it already a straight line. In the 
fourth example (Fig. 1 ID), a polygon that lies entirely within the pixel is approximated to 
zero. 

In an alternative approximation scheme, each contour segment is replaced by a 
single straight-line segment joining the entry and exit points, without passing through an 
intervening third pomt as in the preceding scheme. The scheme is illustrated in Figs. 12A 
and 12B, which shows a simpler approximation scheme in which each contour segment is 
replaced by a straight-line segment Contour segments that are ah^ady straight-line 
segments joining the entry and exit points, and those that lie completely inside tlie pixel 
boundary are treated in the same way as in the preceding schCTie (Pigs. 1 IC and 1 ID). 

The latter scheme produces a faster method since area computations are simpler, 
but at the expense of degradation in accuracy. Whilst the loss of accuracy should not be 
significant imder most situations, it can lead to undesirable artefacts where a contour 
segment enters and leaves on the same side of a pixeL Replacing such a contour segment 
witli a single straight line would effectively remove it completely. This may produce 1- 
pixel gaps at the joint of connected edges. 

Preferably, the method 600 utilizes the approximatxcn scheme described in 
relation to Figs. 11 A to HD. By virtual of the fact that the set of possible straight line 
approximations prodizced by the simpler scheme is a subset of that produced by the earlier 
scheme, all discussions will hence be applicable to the simpler scheme. 
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To avoid the above problem without significantly sacrificing speed, a mixture of 
both schemes can also be used. For example, the earlier scheme can be used for 
approximating contour segments that enter and leave on the same side of a pixel, whereas 
the simpler scheme can be used for all remaining contours. The method 600 are flexible 
enougji to incorporate an arbitrary mixture of both schemes. 

For the purposes of tiiis description, unless otherwise stated, the term ''contour 
segment*' will be used to refer to the straight-line approximation of a contour segment, 
rather than the contour segment itself 

5.0 Coverage Area of a Region defined by a Single Contonir Segment 

Turning now to Figs. 13A to 16, there is illustrated all possible regions R 
"defining" the contour segments within a pixel that can arise together with the formulae 
for computing their corresponding areas. Regions that are complementary to those shown 
have been omitted since these areas can be easily obtained from the latter by noting that 
the total area of a pixel is 1 . 

The method 600 estimates during step 620 the area values of these regions R 
defined by the contour segments of the currently scanned pixel for determining the area 
values of the single closed loops. The method determines these area values utilizing the 
infomiation contained in the current sub-list for &e cunrently scanned pixel. 

With the prefenred straight-line approximation scheme, the area of (he region R 
defined by a single contour segment can be easily computed. For convenience and 
clarity, the list of possible cases has been divided into 4 sets. Figs. I3A to 13G shows 
cases in which the contour segment intersects the top pixel boundary. Figs, 14A to 14E 
shows cases in which the contour segment intersects the bottom pixel boundary but not 
the top. Cases in which the contour segment intersects the left pixel boundary but not the 
top nor the bottom are shown in Ftgs.l5A to 15C, and the remaining case where the 
contour segment int^ects the ri^t pixel boundary only is shown in Fig, 1 6, 
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The formulae shown assume that origin is located at the top-left comer of the 
pixels and that the x and y axes extend to the right and downwards respectively and have 
values between 0 to 1, 
^Si Weighted Average Winding Coimt 
5 As mentioned in Section "5.0 Polygon Decomposiition^\ that given a polygon 

comprising a numb^ of constituent regions, the winding coimt at any point can be 
determined by computing the difference between the number of clockwise and counter- 
clockwise loops that enclose it. As also mentioned, the method 600 combine an arbitrary 
number of constituent regions together in an incremental maimer. This may be 

10 accomplished by making use of an "accumulator" to which flie effect on the windmg 
counts due to each constituent region is added in turn. 

Ideally, the accumulator needs to maintain the winding counts of all points mside 
the pixel, which has been found to be computationally intensive. It is thus preferable that 
the method 600 make the following approximation: the pixel is divided into two sub- 

15 regions, one containing points with zero winding counts, and the other containing points 
with non-zero winding counts. The latter is then approximated by assigning it a weighted 
average winding count, which is the average of the winding counts of all points in the 
latter sub-region weighted according to their respective area values. 

This approximation scheme requires the storage of just two numbers in the 

20 accumulator: the area of the latter sub-region (herein referred to as the coverage area) and 
its weighted average wmding count. It is actually more convenient to store the product of 
the area and ttie weighted average winding count, called the percentage winding county 
rather than the weighted average winding count itself From these parameters, overall 
opacity of the pixel can be determined. 

25 A drawback of tfie approximation scheme is that poor results are obtained when 

constituent regions whose winding counts have opposite signs are combined. As an 
example, reference is made to Fig 17 involving two complementary constituent regions A 
and B of opposite winding counts. ^ has a winding count of 1 whilst B has a winding 
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count of -1. In order to achieve an accurate result, the two regions should combine to 
produce an overall opacity of the intrinsic opacity of the polygon. If the combination 
of the two regions were approximated by a single weighted average winding count 
however, the resulting opacity of the pixel would be 0. The problem aris^ because even 
ffiiough the two constituent regions have opposite winding counts, they both contribute 
positively to the overall opacity of the pixel. 

The above problem is remedied in the method 600 by maintaining two separate 
accumulators rather than one for each pixel The first accumulator computes the 
combination of constituent regions or their sub-regions with positive winding counts, 
whilst the second computes the effects of regions or sub-regions with negative winding 
coimts. When all constituent regions have been processed, the absolute values of the two 
accumulators are combined in a final step to obtain flie overall opacity of the pixel. Since 
the weighted average winding count approximation is not required in this final step (the 
purpose of the approximation is to simpHfy the processing of intermediate results), the 
problem illustrated m the above example does not arise. 
lA Combining Regions 

As motioned previously, the method 600 preferably connects pans of contour 
segments of opposing directions to form a single closed loop having a single constituent 
region. As these contour segments have opposing directions, then the regions "defining" 
these two contour segments will combhie destructively. The method 600 then combines 
constnictively the constituent regions of those single closed loops having the same 
direction in two separate accumulators. Finally, the method 600 then destructively 
combines the resultant regions in the separate accumulatoxs. As mentioned previously, it 
is possible to implement a ftnrther variation of the method 600 that takes advantage of the 
special properties of the odd-even fill rule. In this variation, the regions ai^ always 
combined in a destructive manner as will be described latter. 
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The preferred techniques for combining the aforementioned regions in either a 
constructive or destructive manner are described in this section 7.0 and the next sections 
7.1 to 7.2. 

When two regions are to be combined constructively, the coverage area of the 
5 resulting region can be determined iising the formula: 

as illustrated in Fig, 18, where x and y are the total coverage areas of the two regions 
respectively, and z is the area of their intersection. 

Similarly, when two regions combine destnictively, the coverage area of the 
7^ 10 resulting region is given by 

as illustrated in Fig, 19, where again x and y are the total coverage areas of the two 
""^^.^ regions respectively, and z is the area of their intersection. 

Unless it is known that the two regions are mutually exclusive, or that one region 
15 is subsumed by the other, computing their exact intersection area is computationally 
expensive. This is true even when contour segments have been approximated by straight 

Q lines as described in Section 4.0, To overcome ttns problem, the method 600 

O 

approximate the intersection area by the product of the areas of the individual regions. 

This is essentially the same underlying assumption behind the opemtion of the 
20 compositing operators described in Porter and Duff "Compositing Digital Images", 

SIGGRAPH 84, 1984. Using this approximation, the coverage area produced by the 

constructive combination of two regions becomes 

x+y-^xy Eqn. (4) 

and that produced by the destructive combination of the two regions becomes 
25 x+>^-2xy - Eqn, (5) 

It is worth noting that if ^ and>' are within the range [0, 1], then the coverage areas 

produced by both Eqns (4) and (5) are also within the range [0, 1], 
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Although the above approximation works adequately well in most cases. It is 
inacctirate in situations where the two regions involved do not or hardly intersect one 
another, or where one region fully or almost subsumes the other, la the fomier, the true 
intersection area is close to zexo, whereas in the latter it is close to either jc or 

Bxperimental results suggest that the errors arising from the use of Eqn. (4) are 
sufficiently small to be not significantly noticeable- This is not necessarily the case for 
Eqn. (5) however. Due to the presence of the factor of 2, errors that arise from the 
approximation are effectively doubled, which can be significant 

To overcome the problem, it is necessary to maintain geometrical information 
about each region in addition to its coverage area. Since execution speed is a priority, the 
method 600 only makes minimal use of this infomiation, Wh^ two regions are 
combined, the geometrical information is used not to directly estimate the intersection 
area, but simply to distinguish between three different scenarios: (i) the two regions are 
mutually exclusive, (ii) one region is subsumed by the other, and (iii) otherwise. In case 
(i), the intersection area is zero, whereas in (ii), it is the area of the subsumed region. In 
the remaining case (iii) the intersection area is approximated by the product of the two 
regions as described earlier. 

An advantage of this method is that it requires only very crude geometrical 
information about each constituent region. Preferably, this geometrical infomiation 
concerning each constituent region is maintained in the form of a binary mask, 
7.1 Mask Creation 

As mentioned earUer, the method preferably maintains geometrical information 
concerning each region defined by a contour segment. The geometrical information cau 
be in the form of a binary mask where each bit indicates whether a certain sample point 
wiflun the given pixel is inside or outside of the region that the mask represents. Fig. 20 
shows a mask in the form of an 8x8 grid of sample points, which requires a total of 64 
bits. Smaller or larger masks can also be used, however, masks smaller than 4x4 are 
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likely to be too crude, whereas masks of size substantially above 8x8 will be too large to 
be efficiently manipulated. 

The sampling points in the mask need not follow the regular grid shown in Fig. 
20, They can instead be arranged in any suitable structure. They also need not be located 
inside the pixel boundary. In fact, a possible choice of location for the sampling points is 
on the pixel boundary, as shown in Fig. 21. The advantage of this scheme over the earlier 
scheme employing a regular grid is that it requires few^ sampling points, and hence 
smaller masks, to produce approximately the same resolving power. For example, a mask 
comprising of 8 samplbg points along each side of the pixel boundary can be represented 
as a 32 bit integer, and thus can be stored in a single register on a 32-bit machine. This 
allows the masks to be manipulated very quickly. 

The binary mask associated with each region defined by a single contour segment 
can be created by means of look up tables. In the simple scheme where sampling points 
reside on the pixel boundary only, the mask is dependent only on the locations where the 
contour segment enters and leaves the pixel boundary. In other schemes that contain 
sampling points inside the pixel boundary, the mask is dependent not only on the 
locations of the entry and exit points, but also on the x and y coordinates of the 
intermediate vertex (if any) of the contour segment. Procedures for creating the necessary 
look up tables are not described since they should be familiar to those skilled in the ait, 
7.2 Mask Operations 

When two regions are combined, the binary mask of the resulting region can be 
obtained by performing an appropriate logical operation between the masks of the 
individual regions. If the regions combine constructively, theai a logical OR operation is 
perforaied. If they combine destructively, then the r^ulting mask can be computed as 
the exclusive-OR of the two individual masks. 

However in the method 600, since the destmctive combination of two regions can 
give rise to both clockwise and counter-clockwise subregions, as illustrated in Fig. 10, it 
is necessary to separate these so that each subregion can be combined into the 
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suscumulator of the same direction. This requires two s^arate masks to be computed, one 
for each subregion. Let nix and my denote the masks of the two regions. The masks of the 
resulting clockwise and counter-clockwise subregions are then given by 

- AND my and 

/Mty-IMjC AND l«y 

where the operator AND denotes a logical AND operation, 

The coverage area of each subregion are also easily computed using the formulae 

x-z and 

where x, y and z are as defined earlier. It should be noted that the area value of 
these two sub-regions when combined is equal to x + y -2xy (See Eqn. (3)), 

To deterroine whether two constituent regions intersect, and if so, whether one 
region is subsumed by the other, a logical AND operation is performed between the 
masks of the individual regions. If the result is zero, then the two regions do not intersect. 
If the result is identical to one of the original mask, then the corresponding region is 
subsumed by the other. 

8«0 Merging a Constituetit Region into the Accumalators 

This section describes the procedure for merging a constituent region into a 
corresponding one of the two accumulators. It assumes that the constituent region being 
merged has a winding count whose absolute value is 1, and whose sign is identical to that 
of the accumulator in which it is to be merged. Consequently, the two regions are 
combined constructively. 

Let a, ma and denote the coverage area of the accumulator, its binary mask and 
percentage winding count respectively. Let A, and B denote the coverage area of the 
constituent region to be merged and its binary mask respectively. Since winding count of 
the constituent region is 1, its percentage winding cotint is also A. 

Let z denote the area of the intersection region between the accumulator and the 
constituent region. As a result of the merge, the pixel may be divided into 3 subregions 
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comprisitig of a subregion of area a - z and winding count pja^ a subregion of area A-z 
and winding count 1, and the intersection region of area z and winding count pja + L 
The resulting percentage winding count is then given by: 

5 which is simply the sum of the percentage winding counts of the two regions being 
combined. The percentage winding count of the accumulator is thus updated with this 
value: 

As mentioned previously, Ae method 600 incrementally combines all the single 
10 closed loops of Uie same direction into the respective accumulators. Consequently, the 
final percentage windmg count of an accumulator is the sum of the percentage windmg 
countSj, that is area values, of all the single closed loops having the respective same 
directions. This summing operation of the area values will result in any area value of any 
intersecting regions contributing to the sum two or more times d^ending upon the 
15 number of closed loops that forms the intersection region. The number of times a 
particular area of a closed loop contributes to the sum is the windmg count within that 
area, hi this way, the percentage winding count is efTeotively a weighted average of the 
winding counts, where the weighting coefficients are the area values of those regions 
having ttxose winding counts respectively, 
20 Computation of the coverage area of the combined region is dependent on how the 

two regions intersect one another, which is in turn dictated by the interaction between the 
two binary masks nia and 6. This is summarised in Table 1 below. 



ma AND B 


z — 


0 


c + A 




A 


B 


a 


Ottienvise 


a + Ml-a) 
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The new coverage area denoted by a* then replaces the original coverage area of 
the accumulator: 

5 In a simpler variation of the present method, the intersection area betwe«i the 

constituent region and the accumulator is approximated by the product A/z, regardless of 
the values of and B. The coverage area of the accumulator is thus updated according 
to 

10 Finally, the binary mask of the accumulator is updated according to 

As mentioned above, it is possible that two or more regions of the closed loops 
having the same winding coxmt sign will intersect. As distinct from the winding counts, 
the area of any intersecting region contributes only once to the area value of the coverage 

15 area, as this area value is strictly representative of the area of the closed loops, 
8.1 Merging Regions of the Clockwise and Counterclockwise Accumulators 

After all the clockwise and counterclockwise single closed loops have been 
merged into the respective clockwise and counterclockwise accumulators, the method 600 
merges these two accumulators together and converts the weighted average winding 

20 count of each resulting subregion into opacity values to obtain the final overall opacity of 
the pixel. Since the accumulators represent region of opposing clockwise and counter- 
clockwise directions, their combination is destructive, 

The method 600 divides the percentage winding count of each accumulator fay its 
coverage area to obtain die weighted average winding count Let these be denoted by w+ 

25 and WL for the clockwise and counter-clockwise accumulators respectively. Depending 
on how the coverage areas of the accumulators intersect, their combination can produce 
up to 3 subregions having winding counts and w+ - w_ (as well as a subregion of 

zero winding count). 
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The coverage area of each of these subregions is deteimined by the coverage areas 
currently, denoted by a+ and a^^ and their respective binary masks stored in the two 
accxmialatorS;» denoted by m+ and in accordance with Table 2. 

Table 2, Coverage area of each resulting subregion under different intersecting 
5 conditions. 



Condition 


s+ 






/«+AND/w- = 0 


a+ 




0 


(/w+ AND = 7W+) and (a~ > a+) 


0 






(tn+ AND m- = m-) and (a+ > aJ) 


a+-a_ 


0 




Otherwise 


a+(l - a-) 


^2^(1 -a,-) 





Namely, the clockwise accimiulator is designated as storing a weighted average 
winding count w+ - a+ and binary mask m+ representing the combined clockwise single 

10 closed loops and the counterclockwise accumulator is designated as storing a weighted 
average winding connt w. = a. and binary mask m. representing the combined 
counterclockwise single closed loops. The method firstly determines the win<Mng count 
value (w+ - w.) and then determines the coverage area values s+ , s., and associated 
with the respective winding count values w+ , W-, and (w+ - w.) of the respective three 

15 sub-regions depending upon the aforementioned conditions. For exampH if the 
condition (m+ AND yfu « m+) and (a^ ^ a+) holds TRUE, then the coverage area values for 
the three subregions are computed as s+ = 0 , S- = a. ~ a<-, and - 3+. The method 600 
then utilises the winding coimt values w+ , w., and (w+ - w.) and area values s+ , s., and s. 
+ of the three subregions for determining the real opacity of the pixel. The manner in 

20 which this is achieved is described in more detail in the next section "9.0 Computing the 
Real Opacity of the PixeV\ 
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9.0 Computing the Real Opacity of the Pixel 

The opacity of each of these subregions and is a function of its winding 
count and flie fill rule being used. Due to tiie weighted average windiag count 
approximation, the winding count of each subregion may not necessarily be an integral 
nximber. The fill rules specified in equations (1), (2) and (3) are preferably modified to 
take into account these non-integral winding count values. 

One possibility for the winding-counting fill rule is to extend Eqn. (3) which 
relates absolute winding counts to real opacities to accept non-integral winding counts. 
The drawback of this approach is that it does not produce satisfactory results when ihe 
intrinsic opacity of the polygon is one (ie, the polygon is ftlly opaque). In these cases, 
Eqn. (3) retuins a value of 1 regardless of how small flie absolute winding count is. 

The method 600 thus adopts the following approach: each absolute winding count 
n is broken up into an integral part [nj, being the largest integer less than or equal to /z> 
and the remaining firactional part m^n^ln], m € [0, 1)- n is then assigned a real opacity 
value equivalent to that obtained when an object of winding count n is composited over 
another object of opacity mcc^ From the deiSnition of the oyet compositing operator given 
in Porter, Thomas, and Duff, "compositing Digital Images", SIGGRAPH 84. 1984, the 
relationship between absolute winding counts and real opacity values is flien: 

opacity^ f(n)^mixH^'{Uo)^^){\-rno) Eqn. 6 

und^ the winding-counting fill rale. It is worthwhile noting that as /« 0 and »? 1, 
the above equation approaches the intuitive opacity values of 1 - (1 - af and 1 - (1 - 
df^^ respectively. 

Under the non-zero winding fill rule, opacity values are preferably capped at Ihe 

intrinsic opacity, thus giving rise to the following equation:. 

fna n<l 

opacity^ f(n)=^{ ,=samin(l,n) Eqn. (7) 

\CL n> 1 

which is equivalent to a cap of the windmg count at the maximum value of 1 . 

The wmding count under the odd-even fill rule on fee other hand, is *1>ounced" 
back and forth between fee maximum and mixiimum values of I and 0 respectively. That 
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is, if L„J is even, then the **efFective winding counf ' is given by n^lnj* When [kJ is odd, 
it is 1-(«-[bJ), The opacity value is (hen computed as the product of the effective 

winding count and the intrinsic opacity, giving rise to the equation: 

f(n-LnJ)ct Injeven 
"'""^'^"•''ia-nH-jK. Lnjodd 

Notice again that the above equation produces the expected opacity value when n 
is a pure integer number. 

As described in section 8-1, merging the contents of the clockwise and 
counterclockwise accumulators can create upto three sub-regions of different winding 
counts, namely w., )w+ - Having computed the areas of these sub-regions, 
denoted by s,, and 5+. respectively (see table 2), there are a number of possible 
methods for detennining the overall real opacity of the pixel as will now be described. 

In the first method, the overall real opacity of the currently scaim^ pixel is 
computed as the weighted average of the real opacaties of the different sub-regions, 
weigihted by their coverage areas. This overall real opacity is obtained using the 
following formulae: 

Overall Opacity - s+f(|w+|) + sl(\w.\) + s^f(|w+ - w.| ), Eqn. (9) 

where fQ is any one of the opacity functions specified in Eqns. (6), (7) or (8), 

In an alternative method, the overall opacity of the pixel is computed by 
computing first the average absolute winding count of the three sub-regions as well as the 
empty sub-region of the pixel, and then converting it into a overall real opacity value. 
This overall real opacity is obtained using the following formulae: 

Overall Opacity f(s+|w+|H- s^w.] + s.+|w+ - w.| ), Eqn. (10) 

where fjQ is any one of the opacity functions specified in Eqns. (6), (7) or (8), 

In another alternative method, the overall opacity of the pixel is computed by first 
computing the average absolute winding count of the three non-empty sub-regions and 
then converting it into a real opacity value. In this case, the overall real opacity value is 
obtained using the foUowmg formulae: 
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Overall Opacity = f((s^|w+|+ s,iw.| + s^\w+ - w-D /( s+ + s. + 5-^)X S4- + s. + s^) Eqn, 

(11) 

where SQ is any one of the opacity functions specified in Eqns (6), (7) or (8). 
After the overall opacity of the pixel has been computed, the method 600 then 
5 renders the pixel in accordance with this overall opacity. 
10.0 The Rendering Method 600 in More Detafl 

This section describes in more detail the steps 618 through to 622 of the method 
600 of rendering the self-overlapping polygon. 

As stated in Section 3 "Polygon Decomposition", the winding counts at all points 
10 within a given pixel is fully determined by the set of contour segments appearing in the 
pixel, and the winding count of a single reference point on the pixel boundary (assuming 
ftiat all contours that reside completely within the pixel have been removed by the straight 
line approximation scheme described in Section 4.0)* Let this reference point be denoted 
by S, and let its winding count be fV. Also, without loss of generality, let the winding 
15 counts be measured such that points enclosed by clockwise loops are given positive 
winding counts and points enclosed by counter-clockwise loops are given negative 
winding counts. 

Turning now to Figs. 26A and 26B, there is shown in more detail a flow chart of 
steps 618 to 622 of Fig. 6 in accordance with the method 600. After each contour 

20 segment within the currently scaxmed pixel has been approximated 616, the method 600 
proceeds to step 2602. The method 600 during step 2602 resets to zero the percentage 
winding count and coverage area values in both the clockwise and counterclockwise 
accumulators. The method 600 also sets the binary masks associated with respective 
clockwise and counterclockwise accumulators to zero. The method 600 then proceeds to 

25 step 2604, where a variable w is set to the initial winding count Wof the starting point S. 

After completion of step 2604, the method 600 proceeds to step 2606, where the 
method 600 traverses along the boundary of the currently scanned pixel in a clockwise 
direction from point S until an ^try or ^it point of a contour segment or the point S is at 
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last encoxmtered. The traversal is such that the point 5" is first encountered when the 
method has traversed right around the boundary of the pixel. The entry point of a contour 
segment is that point on the pixel boundary where the contour segment enters the 
currently scanned pixel with reference to ^e associated direction of the contour segment 
Hie exit point of a contour segment is that point on the pixel boundary where the contour 
segment e)dts the currently scanned pixel with reference to the associated direction of the 
contour segment Namely, the associated direction of the contour segm^t at tiie entry 
point points inside the pixel and the associated direction of the contour segment at the exit 
point points outside the pixel. 

For ease of explanation, the method 600 is described in terms of traversing the 
boundary of the cuir^tly scanned pixel and visiting entry and exit points of contour 
segments and the initial point S, processing these contour segments in turn, and the 
subsequent removal of contour segment(s) from the currently scanned pixel. In practice, 
the method 600 does not physically traverse the boundary of the currently scanned pixel 
and remove these contour segments. Rather, the method 600 preferably generates an 
indexed list of these entry and exit points of the contour segments together with the initial 
point S and then processes these points in sorted order and flags those contour segments 
in the list as being removed and/or <yav«:sed when required. Preferably, each entry and 
exit point of this list is assigned a value representing the distance from the starting point S 
to the entry or exit point measured aroimd the pixel boundary in the clockwise direction. 
The list is sorted in accordance with this value. Each entry and exit point of the list is 
also assigned a unique number indicating the contour segment to which it belongs. In the 
case where an entry or ^t point is located at the starting point iS, then the aforementioned 
value is assigned a small non-zero value in order to distinguish it from the starting point 
5. This indexed list may be generated from the curr^t sub-list of straight-line segments 
for the cuiTcntly scanned pixel 

The method 600 performs the foUowhig operations 2608 to 2620 on each 
traversed point of the currently scanned pixel. The method will now be described with 
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respect to a currently traversed point For further ease of explanation, the first traversed 
point immediately prior to the currently traversed point that has not been removed is 
referred to herein as the previous traversed point, The contour segment that has as one of 
its end points the currently traversed point is referred to herein as the current contour 
5 segment The contour segment that has as one of its end points the previous traversed 
point is referred to h^^n as the previous contour segment 

After the method 600, reaches an entry or exit point of a contour segment or point 
S, the method proceeds to decision block 2608, where a check is made whether the 
currently traversed point is point S, If the decision block 2608 returns TRUE (Yes), the 

10 method 600 proceeds to decision block 2622. This branch of the decision block 2608, is 
concerned with the final processing of the currently scaimed pixel and will be discussed 
later in the description. On the other hand, if the decision block 2608 retums FALSE 
(No), the method 600 proceeds to decision block 2610. The latter branch of the decision 
block 2608 is concerned with the earlier processing stages of the currently scanned pixel, 

1 5 and now will be described. 

The decision block 2610 checks whether the currently traversed point is an exit or 
an entry point of a contour segment If the decision block 2610 determines that the 
currently traversed point is an entry point, the method 600 proceeds to step 2612, where 
the variable w is decremented by one. On the other hand, if the decision block 2610 

20 determines that flie currently traversed point is an exit point the method 600 proceeds to 
step 2614, where the variable w is incremented by one. 

After completion of steps 2612 or 2614, the method 600 proceeds to decision 
block 2616. The decision block 2616 makes a check whether the absolute value of the 
cuirent value of the variable w was decreased as a result of steps 2612 or 2614. If flie 

25 decision block 2616 returns FALSE (No), then the method 600 retums to step 2606, 
where the method 600 traverses to the next exit point, entiy point, or if there are no more 
exit or entry points to point S. The method 600 then processes this new point in the same 
fashion as described above. 
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On the other hand, if the decision block 2616 returns TRUE (Yes), then the 
method 600 proceeds to step 2618. Duiing step 2618, the method 600 creates a single 
closed loop from one or two contour segments and updates the appropriate clockwise or 
connterclockwise accumulator. The manner in which this step 2618 performs these tasks 
5 will be described later in more detail with reference to Fig. 27, After the completion of 
the step 2618, the method 600 then proceeds to stop 2620. 

The method 600 during step 2620 removes those contour segments from the pixel 
that make up the single closed loop created during step 2618. As mentioned previously, 
these contour segments are not physically removed jfrom the currently scanned pixel, but 
1^^ 10 rather the method 600 flags those contour segments in the indexed list as being removed. 
S After completion of the step 2620, the method 600 returns to step 2606, where the method 

y ^ 600 traverses to the next exit point, entry point, or if there are no more exit or entry points 

yj to point S. The method 600 then processes this new point in the same fashion as 

described above, 

: 15 As mentioned earlier, if the decision block 2608 returns TRUE (Yes), that is the 

nj currently traversed point is point the method 600 then proceeds to decision block 2622, 

i=5 where the method 600 commences the final processing of the cunrently scanned pixel, 

During decision block 2622, the method 600 checks whether the currently updated 
variable w is greater than zero. If the decision block 2622 determines that the currently 
20 updated variable w is greater than zero, the method 600 proceeds to step 2624, 

A positive non-zero value of w indicates that, in addition to the contour segments 
that have be^ processed and whose resulting constituent regions have been added to the 
accumulators, the currently scanned pixel is also fully enclosed by \w\ clockwise loops. 
The contribution of these loops will need to be added to the clockwise accumulator to 
25 obtain the true average winding count of the pixel. 

The method during step 2624, then adds the currently updated variable w to the 
percentage winding count of the clockwise accumulator, sets the associated binary mask 
of the clockwise accumulator to full indicating that the region associated with the 
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clockwise accumulator covers the entire area of the currently scanned pixel, and sets ttie 
area value of the clockwise accmnulator to one. After completion of step 2624, the 
method 600 proceeds to step 2630. 

On the o&er bmd if the decision blocks 2622 and 2626 detcimine that tlie 
currently updated variable w is less than zero, the method 600 proceeds to step 2628, 

A negative non-zero value of w indicates that, in addition to the contour segments 
that have been processed and whose resulting constituent re^ons have been added to the 
accumulators, the currently scanned pixel is also fully enclosed by \w\ counterclockwise 
loops. The contribution of these loops will need to be added to the counterclockwise 
accumulator to obtain the true average winding count of the pixel. 

The mettiod during step 2628, then adds flxe currently updated variable w to the 
percentage winding count of the counterclockwise accumulator, sets the associated binary 
mask of the counterclockwise accumulator to full indicating that the region associated 
with the counterclockwise accumulator covers the entire area of the currently scanned 
pixel, and sets the area value of the counterclockwise accumulator to one. After 
completion of step 2628, the method 600 proceeds to step 2630. 

On the other hand if the decision blocks 2622 and 2622 determine that the 
currently updated variable w is equal to zero, then the method 600 proceeds directly to 
step 2630, 

During step 2630, the method 600 combines the clockwise and counterclockwise 
accumulators and computes the real opacity of the currently scanned pixel The manner 
in which the method 600 performs these tasks will be described later with reference to 
Fig. 30. After completion of this step 2630, the method 600 then proceeds to step 624, 
where the currently scanned pixel is rendered in accordance with the real opacity 
computed during step 2630. After completion of step 624, the method 600 then proceeds 
to the next pixel within the scanline for processing. If there are no more remaining pixels 
within the scanline to be processed;, the method 600 temiinates and returns to the main 
method. 
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Turning now to Fig, 27, there is shown in more detail a flow chart of step 2618 of 
Fig. 26 A in accordance with the method 600. In the event decision block 2616 (Fig. 26A) 
returns TRUE (Yes), the method proceeds to decision block 2702 (Fig. 27). 

The decision block 2702 determines whether there are any previously traversed 
entry or exit points that have not yet been removed by step 2620 (Pig, 26A), If the 
decision block 2702 returns TRUE (Yes), the method 600 then proceeds to decision block 
2704, otherwise the decision block 2702 returns FALSE (No) and the method 600 
proceeds to step 2710. In the specific case, where the currently traversed point is the first 
traversed point, then the decision block 2702 returns FALSE (No) and the method 600 
proceeds to step 2710, 

Hie decision block 2704 makes a check whether the currently traversed point and 
the previous traversed point belong to the same contour segment. If the decision block 
2704 returns FALSE (No), then the method 6O0 proceeds to stqs 2706. 

The method 600^ during step 2706, then combines the respective regions defined 
by the current contour segment and previous contour segment to create a single closed 
loop. The step 2706 then updates the appropriate clockwise or counterclockwise 
accumulator with this newly created single closed loop, hi this fashion, the method 600 
connects a pair of contour segments of opposing directions into a single closed loop and 
adds it to the appropriate accumulator. The manner in which this step 2706 performs 
these tasks will be described later in more detail with reference to Figs. 28A and 28B. 
After the completion of the step 2706, the method 600 then proceeds to step 2620, 

On the other hand, if the decision block 2704 returns TRUE (Yes), that is if the 
currently traversed point and fte previous traversed point belong to the same contour 
segment, then the method 600 proceeds to step 2708, The method 600, during step 2708, 
creates a single closed loop defined by the cmrwt contour segment that excludes the 
starting point 5- In this regard, it should be noted that the single closed loop is formed 
firom this contour segment only and not a pair of contour segments. Specifically, the step 
2708 computes the area value A of that region bounded by the current contour segment 
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and the pixel boundary that excludes the starting point In computing this area value A, 
the step 2708 utilizes those techniques as described above in Section "5.0 Coverage area 
of a Region defined by a single contour segment". The step 2708 furthennore creates a 
binary mask B== nix representative of this single closed loop in the manner as described in 
Section '7.i Mask Creation". After completion of step 2708, the method 600 then 
proceeds to decision block 2712, 

Returning now to decision block 2702, if tfiis decision block 2702 returns FALSE 
(No), that is if all of previously traversed entry or exit points have been removed by step 
2620 (Fig, 26A), the method proceeds to step 2710. 

The method 600, during step 2710, creates a single closed loop defined by the 
current contour segment that includes the starting point S. In this regard, it should be 
noted that the single closed loop is fbmied from this contour segment only and not a pair 
of contour segments. Specifically, the step 2710 computes the area value A of that region 
bounded by the current contour segment and the pixel boundary that includes the starting 
point S, In computing this area value A, the step 2710 utilizes those techniques as 
described above in Section "5.0 Coverage area of a Region defined by a single contour 
segment*. The step 2710 furthennore creates a binary mask B = mx representative of tWs 
single closed loop in the manner as described in Section '7.7 Mask Creation''. After 
completion of step 2710, the method 600 then proceeds to decision block 2712. 

The decision block 2712 checks whether the currently traversed point is an entry 
point If the decision block 2712 returns TRUE (Yes), then the method proceeds to step 
2716, where the single closed loop detcnnined during steps 2710 or 2708 is added to the 
clockwise accumulator. The manner in which this stqp 2716 performs this task will be 
described later in more detail with reference to Fig. 29. If the decision block 2712 letums 
FALSE (No), then the method proceeds to step 2714, where the single closed loop 
deteraiined during steps 2710 or 2708 is added to the counterclockwise accumulator. The 
manner in which this step 2714 performs this task will be described later in more detail 
with reference to Fig, 29. In this way, the decision block 2712 determines whether the 
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single closed loop determined during steps 2710 or 2708 is a clockwise closed loop or a 
counterclockwise closed loop and adds it to the appropriate accumulator. After the 
completion of steps 2710 or 2708, the method then proceeds to step 2620(Fig. 26A). 

Turning now to Figs. 28A and 28B, there is shown in more detail a flow chart of 
5 step 2706 of Fig- 27 in accordance with the method 600, After the decision block 2704 
returns FALSE (No), the method 600 then proceeds to step 2802, 

The method 600 during this step 2802 detennines the atea value of the region 
defined by the previous contour segment Specifically, the step 2802 computes the area 
value X of that region bounded by the previous contour segment and the pixel boundary 

10 that includes the currently traversed point and assigns it to a variable x. In computing this 
area value, the step 2802 utilises those techniques as described above in Section **5.0 
Coverage area of a Region defined by a single contour segment"*. The method during this 
step 2802 also creates a binary mask mx representative of the region defined by the 
previous contour segment in the manner as described in Section "7.1 Mask Creation". 

15 After the completion of this step 2802, the method 600 proceeds to step 2804. 

The method 600 during this step 2804 deteimines the area value y of the region 
defined by the current contour segment Specifically, the step 2802 computes the area 
value y of that region bounded by the current contour segment and the pixel boundary 
that excludes the previous traversed pomt and assigns it to a variable y. hi computing this 

20 area value, the step 2804 utilises those techniques as described above in Section "4,0 
Coverage area of a Region defined by a single contour segment'^ The method also 
duritig this step 2804 creates a binary mask my representative of the region defined by the 
ciiirrent contour segment m the maimer as described in Section **7J Mask Creation", 
After the completion of this step 2804, the method 600 proceeds to step 2806. 

25 The method during this step 2806 performs the logical operation mxy = nix AND 

my, where the bmary masks mx and my are representative of the previous and current 
contour segments respectively. After completion of tfiis step 2806, the method proceeds 
to a series of decision blocks 2808 and 2810. The purpose of step 2806 and decision 
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blocks 2808 and 2810 is to detennme whether one region is subsumed by the other, and if 
so which region. 

Specifically, after completion of step 2806, the method 600 proceeds to decision 
block 2808 where a check is made whether my = mxy and x>==y. Namely, the decision 
block 2808 checks whether region y defined by flie current contour segmcait is totally 
subsumed within the region x defined by the previous contour segment If the decision 
block 2808 retums TRUE (yes), then the method proceeds to step 2812. 

The method during this step 2812 creates the constituent region of the single 
closed loop comprising the current and previous contour segments. Specifically, the 
method 600 determines the area value of A = x - y of this new constituent region and 
creates a binary mask B= mx XOR my representative of this new constituent region. 

After completion of step 2812, the method proceeds to decision block 2816, where 
a check is made whether the currently traversed point is an entry point. If the decision 
block 2816 retums TRUE (Yes), then the method 600 proceeds to step 2822, where the 
new constituent region is added to the clockwise accumulator. On the other hand, if the 
decision block 2816 retums FALSE (No), then the method 600 pixjceeds to step 2820, 
where the new constituent region is added to the counterclockwise accumulator. The 
steps 2822 and 2820 both call the same sub-process for adding their respective constituent 
regions to the accxmiulators. This sub-process is described in more detail later with 
reference to Fig. 29. 

On the oXh<2T hand, if the decision block 2808 retums FALSE (No) the method 600 
proceeds to decision block 2810, where a check is made whether mx mxy and y>=^. 
Namely, the decision block 2810 checks whether the region x defined by the previous 
contour segment is totally subsumed within the region y defined by the current contour 
segment. If the decision block 2810 returns TRUE (yes), then the method 600 proceeds 
to step 2814. 

The method during this step 2814 creates the constituent region of the single 
closed loop comprising the current and previous contour segments. Specifically, the 
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method 600 determines the area value of A = y - x of this new constituent region and 
creates a binary mask B-ntx XOR niy representative of this new constituent region. 

After completion of step 2814, the nuethod proceeds to decision block 281 8, where 
a check is made whether the currently traversed point is &a entry point. If the decision 
5 block 2818 returns FALSE (No), then the method 600 proceeds to step 2822, where the 
new constituent region is added to the clockwise accumulator. On the other hand, if the 
decision block 2818 returns TRUE (Yes), then the method 600 proceeds to step 2820, 
where the new constituent region is added to the counterclockwise accumulator. 

As mentioned previously, the steps 2822 and 2820 both call the same sub-process 
10 for adding their respective constituent regions to the accumfulators. This sub-process is 
^ described in more detail later with reference to Fig- 29. After completion of steps 2820 

fll and 2822, the method 600 then proceeds to step 2620 (Fig. 26A). 

n If on the other hand, decision block 2810 returns FALSE (No), then the current 

and previous contour segments form a self-intersecting loop and the method 600 proceeds 
15 to step 2824, The step 2824 divides the constituent region of this self-intersecting loop 
^ into two sub-regions, one defining the clockwise subHregion and the other the 

M counterclockwise sub-region of the loop. Specifically^ the step 2824 determines for a first 

sub-region the area value A = x -xy and flie binary tnask B = nix — representative of 
this first subrcgion, and also determines for a second sub-region the area value A » y -xy 
20 and the binary mask B = my - mxy representative of this second subregion. Note the sum 
of the area values of these two sub-regions is equal to the area value specified by Eqn. 
(5). 

After the completion of step 2824, the method proceeds to decision block 2826, 
where a check is made whether the currently traversed point is an entry point. If the 
25 decision block 2826 returns TRUE (Yes), then the method 600 proceeds to steps 2828 
and 2834, where the first subregion is added 2828 to the clockwise accumulator and the 
second subregion is added 2834 to the counterclockwise accumulator. If on the other 
hand, the decision block 2826 returns FALSE (No), then the method 600 proceeds to 
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Steps 2830 and 2832, where the first subregion is added 2830 to the countercloclcwise 
accumulator and the second subregion is added 2832 to the clockwise accumulator. 

The steps 2828, 2830, 2832, and 2834 each call the same sub-process for adding 
their respective sub-regions to their respective accumulators. This sub-process is 
described in more detail later with reference to Fig. 29. After completion of steps 2834 
and 2832, the method 600 then proceeds to st&p 2620 (Fig. 26A). 

Turning now to Fig. 29, there is shown a flow chart of the sub-process adapted to 
be called by any one of the steps 2716, 2714, 2820, 2822, 2828, 2834, 2830, and 2832 of 
Figs, 27, 28A and 28B in accordance with the method 600. The method 600 passes to the 
sub-process an area value A and a binary mask B for updating the ^ropriate 
accumulator. The process firstly proceeds to a step 2902, whore a binary made xn^^m^ 
AND B is computed, where ma is the binary mask currently stored in the accumulator and 
B is the binary mask passed to the process. The sub-process then proceeds to a decision 
block 2904, where a check is made whether the binary mask m^ is zero. If the decision 
block 2904 returns TRUE (Yes), then the process continues to step 2916, which sets a 
variable a' to a + A, where a is the area value currently stored in the accumulator and A is 
the area value passed to the sub-process by the method 600. 

If on the other hand, tihe decision block 2904 returns FALSE (NO), then the sub- 
process contmues to decision block 2906, where a check is made whether the binary mask 
mz equals m^- If the decision block 2906 returns TRUE (Yes), then the sub-process 
proceeds to step 2910, which sets the variable a' to A, On the other hand, if the decision 
block 2906 returns FALSE (NO), the sub-process continues to decision block 2908, 
where a check is made whether niz = B. If the decision block 2908 returns TRUE (Yes), 
then the sub-process continues to step 2914, which sets the variable a' to a. On the other 
hand, if the decision block 2908 rettims FALSE (No), tfien the sub-process continues to 
step 2912, which sets the variable a* to a + A(l-a), 

After the completion of either one of the steps 2910, 2912, 2914 or 2916 the sub- 
process proceeds to step 2918, which updates the values stored in ttie appropriate 
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accumulator. Specifically, the sub-ptocess updates the coverage area vaiiable a currently 
stored in the accumulator with the value a*, the percentage winding count variable p^ 
currently stored in the accumulator with the value pg + A, and the binary mask 
currently stored in the accumulator with the binary mask ma OR B. After completion of 

5 the updating step 291 8 the sub-process retums to the main method 600* 

Turning now to Fig. 30, there is shown in more detail a flow chart of step 2630 of 
Fig. 26B in accordance with the method 600. This step 2630 is concerned with the final 
processing of the currently scanned pixel and combines the contents of the cloclcwise and 
counterclockwise accumulators and then finally computes the real opacity of the currently 

10 scanned pixel. Since the accumulators rq>resent regions of the opposing clockwise and 
counterclockwise directions, the combination of these two regions is destructive resulting 
in up to three sub-regions: (i) the intersection region between the clockwise and 
counterclockwise accumulators (ii) the region defined by the clockwise accumulator 
excluding the intersection region (iii) the region defined by the counterclockwise 

15 accumulator excluding the intersection region. This step 2630 computes the weighted 
average winding count values and area values for these sub-regions denoted by s+. , s+ and 
5- respectively and then computes the overall real opacity of the currentiy scanned pixel 
using these values. 

After completion of any of the steps 2624 or 2628, or decision block 2626 
20 (Fig.26B), the method 600 proceeds to step 3002. The method 600 during step 3002 
computes an weighted average winding count w+ = p+/a+ , where p+ is percentage 
winding count variable currently stored in the clockwise accumulator, and a+ is the 
coverage area variable currently stored in the clockwise accumulator. The mefliod 600 at 
the same time computes the weighted average winding count = pVa. , where p. is 
25 percentage winding count variable currently stored in the counterclockwise accumulator, 
and a. is the coverage area variable ciirrently stored in the counterclockwise accumidator 
The preferred method also computes the weighted average winding count iw4.->y.|. After 
the completion of step 3002, the method 600 proceeds to step 3004, where the method 
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computes the binary ma^ m m+ AND nu , where and m. are the binary masks 
currently stored in the clockwise and counterclockwise accumulator respectively 

After completion of step 3004, the method 600 proceeds to decision block 3006 
where a check is made whether the binary mask m = 0. If the decision block 3006 returns 

5 TRUE (Yes), then the method 600 proceeds to step 3018, The method 600, during step 
3018, then sets the area valu^ of three subregions according to s+ = a+, = a., and s-+ = 
0. On the other hand, if the decision block 3006 refajins FALSE (No), then the method 
600 proceeds to decision block 3008, where a check is made whether m = m+ and a. >= 
at-. If the decision block 3008 returns TRUE (Yes), then the method 600 proceeds to step 

10 3012. The method 600, during step 3012, then sets the area values of the three subregions 
according to s+ = 0, s- = a.-af and s-+ = a^.. On the other hand, if die decision block 3008 
returns FALSE (Nfo), then the method 600 proceeds to decision block 3010, where a 
check is made whether m = m. and a+ a.. If the decision block 3010 returns TRUE 
(Yes), then the method 600 proceeds to step 3016, The method 600, during step 3016, 

15 then sets the area values of the three subregions according to s+ = a^--a-, s- = 0 and s.+ = a.. 
On the other hand, if the decision block 3010 returns FALSE (No), then the method 600 
proceeds to step 3014, The method 600, during step 3014, then sets the area values of the 
three subregions according to s+ = a+<l-a.), s- = a,(l-at) and s^ = a4.a.. The method 
proceeds to step 3020, after the area values s+ , s- and have been set by the relevant 

20 step 3012, 3014, 3016, or 3018. 

The method 600 during step 3020 computes the overall opacity of the currently 
scanned pixel utilising these area values , s- and and their associated weigjited 
average winding count values |w+|, |w-|, and Iw+'W-I- Specifically, the method 600 
computes the overall opacity of the cuirently scanned pixel using the techniques as 

25 described in the aforementioned section '*9M Computing the Real Opacity of the Pixel". 
After completion of this step 3020, the method 600 proceeds to step 624 (Fig. 6), where 
the currently scanned pixel is rendered in accordance with the computed overall real 
opacity. 

* 
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AJthough the method 600 described above performs the traverse of the pixel 
boundary in the clockwise directioii, it can easily be adapted by those skilled in the art so 
that the traverse is performed in the opposite direction, 
10.1 Illustrative Example of the Preferred Rendering Method 
5 The method 600 will now be described with reference to a particular example. 

Fig. 22 shows a pixel containitig 3 contour segments a, b and c. This example is 
identical to that shown in Fig. 7 except ttiat the contour segments have been approximated 
with straight-line segments. The starting point S has been chosen in this example to be 
the top-left comer of the pixel. The initial winding ooxrnt of this point is zero. 
^ 10 Tracing begins at point 5, moving along the pixel boundary in the clockwise 

O direction. The first contour segment encountered is Since this is the entry point of the 

f|j contour segment, the winding count is decr^nented to -L As this represents an increase 

•f^ in the absolute value of the winding count, tracing continues. The next contour segoieot 

CP that is encountered is a. Again this is an entry point and hence the winding count is 

Li, IS decremented to -1. 

y=! Tracing continues until the next contour segment c is reached. This time it is the 

Q exit point and hence the winding count is incremented back to Since this represents a 

il decrease in the absolute winding count» the current contour segment c is paired with the 

previous contour segment, a, to create a single constituent region. This region is formed 
20 by destructively combining the regions defined by the individual contour segments, as 
shown in Fig. 23. Notice that the region due to a, denoted by ^4, is defined such that it 
includes the current trace point Pc where c is encountered, whilst that due to c, denoted by 
C, is defined such that it excludes the earlier point where a was mcount»:ed. 

The areas of regions A and C are then computed using the Type 2 formula shown 
25 in Fig* 13B. Let these be 0.5 and 0,45 respectively. Since A does not subsume C, the 
intersection area between the two regions is approximated by the product of their 
individual areas, which is 0.5 x 0.45 = 0.225. The combination of ^ and C defines a 
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counter-clockwise subregion in the upper half of the pixel, and a clockwise subregion in 
the lower half. The areas of these subregions are given by 

(area of A) (area of intersection region) and 

(area ofC)- {area of intersection region) 
5 respectively, which work out to be 0,5 - 0.225 - 0.275, and 0.45 - 0,225 = 0.225. These 
areas are then added to the percentage winding counts of the counter-clockwise and 
clockwise accumulators respectively. They are also used to update die coverage areas of 
the accmnulators. Since both accumulators are initially empty, their new percentage 
winding count values as well as their coverage areas axe simply 0,275 and 0.225 
10 respectively. 

Following updating the accumulators, both contour segments a and c are removed 
from the pixel, leaving a single contour segment b remaining, as shown in Fig. 24. 
Tracing then continues from the current point Pc. The next point where a contour 
segment is encountered is the exit point of which causes the winding count to be 

15 incremented from -1 to 0. Again this represents a decrease in the absolute value of the 
winding count, and hence a constituent region is created. 

Since b is also the only contour segment that remains, tlie constituent region is 
formed solely from b. The region formed includes points from Pi^\ to Pt2 { and hence 
excludes point S) as the currently traversed point Pb2 and the previous traversed point 

20 belong to the same contour segment (see step 2708). Its area is computed using the Type 
2 fonnula in Fig. 13B. Since the region is defined by counter-clockwise edges, its area, 
which works out to be 0.65, is then added to the percentage winding count of the counter* 
clockwise accumulator, bringing its value to 0.275 + 0,65 = 0.925. The coverage area of 
the accumulator is also updated to 0.65, the area of the new constitumt region, due to the 

25 fact that this new region subsumes the existing coverage area of the accumulator. 

The contour segment b is then removed and tracing continues all the way back to 
point S, encountering no further contour segments. The final winding count at S is zero, 
and hence no fruther updates are made to the two accumulators. 
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Finally, the two accumulators are combined. Since the coverage areas of the 
accumulators do not intersect^ as illustrated m Fig. 25, the overall opacity of the pixel is 
simply the sum of the real opacities of the accumulators, weighted by their coverage 
areas- To obtain the opacity value of each accumulator, its weighted average winding 
5 count is computed by dividing the percentage winding count by the coverage area. These 
work out to be 0.925/0.65 = 1.4231 for the counter-clockwise accumulator, and 
0.225/0.225 = 1 for the clockwise accumulator^ 

Computing now the overall real opacity of the example pixel according to the 
winding-counting fill rule and using the afore-mentioned Eqns (6) and Eqns (9), the 
10 overall real opacity is: 

0.65(0.423 la + <x(l - 0.4231a)) + 0.225(a), where a is the intrinsic opacity of 
the polygon. 

On the other hand, the overall real opacity of the example pixel according to the 
non-zero winding fill rule and using Eqns (7) and (9) is: 
15 0.65(a) + 0.225(a), 

Whilst, the overall real opacity of the example pixel according to the odd-even fill 
rule and using Eqns (8) and (9) is: 

0,65(<2(1 - 0.4231)) +0.225(a). 
11.0 Variation of the Rendering Method 600 in More DetaU 
20 Althougji the method 600 presented above is capable of operating under any fill 

rule, it is possible to devise a simpler and faster method that takes advantage of the 
special properties of the odd-even fill rule. 

Under the odd-even fill rule, when two sin^e closed loops are combined, 
regardless of whether their constituent regions are defined by edges of the same or 
25 opposite directions, the end result in the intersection area is always destructive. In 
addition, the resulting coverage area can effectively be treated as if it has a winding count 
of 1, This means (i) it is no longer necessary to maintain a weighted average winding 
count as constituent regions are combined together, and (ii) only a single accumulator 
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rafher than two needs to be maintained for each pixel, since it is not necessary to 
distinguish between clockwise and counter-clockwise regions. When all constituent 
regions have been processed, the overall opacity of the pixel is then preferably the 
product of the final coverage area of the accumulator and the intrinsic opacity of the 
5 polygon. 

For example, when two single closed loops of the same direction are combined 
under the odd-even fill rule, the winding count of the intersection area will be even and 
thus makes no contribution to the real opacity of the pixel. Consequently, two single 
closed loops of the same direction can be combined destructively. When two single 
10 closed loops of opposing direction are combined under the odd-even fill rule, the winding 
count of the intersection area will be zero and also makes no contribution to the real 
opacity of the pixeL Consequently, two single closed loops of opposing direction can 
also be combined destructively. Thus when two constituent regions arc combined, these 
can be combined destructively regardless of then direction. The remaining non- 
15 intersection areas have odd winding counts, and according to the odd-even fill rule these 
areas can effectively be treated as having a winding count of one* Thus under the odd- 
even fill rule, the weighted average of winding counts is effectively equal to the area 
value of the destructively combined regions. The real opacity of the currently scanned 
pixel can then be computed as being representative of the product of the intrinsic opacity 
20 of the polygon and the area value of the combined constituent regions. 

Turning now to Figs. 3 1 A, 3 IB and 31C, there is shown in more detail a flow 
chart of Steps 618 to 622 of Fig. 6 in accordance with the variation of the method 600 for 
computing the overall opacity of a pixel imder the odd-even fill rule. After each contour 
segment within the curroitly scanned pixel has been approximated 616, the method 600 
25 proceeds to step 3 102, The method 600 during step 3102 resets to zero the coverage area 
variable in the accumulator and its associated binary mask to zero. The method 600 then 
proceeds to step 3104, where a variable w is set to the initial winding count W of the 
starting point S, 
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After completion of step 3104, the meliiod 600 proceeds to step 3106, where the 
method 600 traverses along the boundary of the currently scanned pixel in a clockwise 
direction firom point S until an entry or exit point of a contour segment or the point S is at 
last encountered. This step 3106 is performed in similar fashion as descxibed with 
5 reference to step 2606 of Fig. 26 A. As mentioned previously, the method 600 preferably 
generates an indexed list of the entry and exit points of flie contour segments together 
with the initial point S and then processes these points in sorted order and flags those 
contour segments in the list as being removed and/or traversed when required. 
Preferably, each entry and exit point of this list is assigned a value representing the 
^ 10 distance &om the starting point to the entry or exit point measured around the pixel 
a boundary in the clockwise direction. The list is sorted in accordance with this value, 

n I Bach entry and exit point of the list is also assigned a unique number indicating the 

^] contour segment to which it belongs. In the case where an entry or exit point is located at 

y1 the starting point S, then the aforementioned value is assigned a small non-zero value in 

IS order to distinguish it from the starting point S, This indexed list xnay be generated from 
^ the cmrent sub-list of straight-line segments for the cimently scanned pixel . 

s z z 
r. ts: 

Q The method 600 performs the following op^ations 3108 to 3126 on each 

2 traversed point of the currently scanned pixel. The method will now be described with 

respect to a currOTtly travelled point. For further ease of explanation, the first traversed 
20 point immediately prior to the currently traversed point that has not been removed is 
again referred to herein as the previous traversed point The contour segment that has as 
one of its end points the cuirently traversed point is again referred to herein as the current 
contour segment. The contour segment that has as one of its end points the previous 
traversed point is again referred to herein as the previous contour segment 
25 After the method 600, reaches an entry or exit point of a contour segment or 

point S, the method proceeds to decision block 3108, where a check is made whether the 
currently traversed point is point If the decision block 3108 returns TRUE (Yes), the 
method 600 proceeds to decision block 3128. This branch of the decision block 3108, is 
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concemed with the final processing of the currently scanned pixel and will be discussed 
later in the description. On the other hand, if the decision block 3108 returns FALSE 
(No), the method 600 proceeds to step 3 U 0- The latter branch of the decision block 3 108 
is concerned with the earlier processmg stages of the currently scanned pixel, and now 

5 will be described. 

The method 600, during step 31 10 incr^ents the variable w and then proceeds to 
decision block 3112. The decision block 3112 checks whether the current value stored in 
the variable w is even. If the decision block 3112 returns FALSE (No), then the method 
600 returns to step 3106, where the method 600 traverses to the next exit point, entry 

10 point, or if there are no more exit or entry points to point S. The method 600 then 
processes this new point in the san^e fa^on as described above. If on the other hand, the 
decision block 3112 returns TRUE (Yes), the method 600 proceeds to decision block 
3114, 

The decision block 3114 determines whether there are any previously traversed 
15 entry or exit points that have not yet been removed by step 3126. If the decision block 
3114 returns TRUE (Yes), the method 600 then proceeds to decision block 3116, 
otherwise the decision block 31 14 returns FALSE (No) and the method 600 proceeds to 
step 3122. In the specific case, where the currently traversed point is the first traversed 
point, then the decision block 3114 returns FALSE (No) and the nxethod 600 proceeds to 
20 step 3122. 

The decision block 3116 makes a check whether the currently traversed point and 
the previous traversed point belong to the same contour segment If the decision block 
3116 returns FALSE (No), then the method 600 proceeds to step 3118, On the other 
hand, if the decision block returns TRUE (Yes), then the method 600 proceeds to step 
25 3120- 

The method 600, during step 3118, then combines the respective regions defined 
by the current contour segment and previous contour segment to create a single closed 
loop. In this fashion, the method 600 connects a pair of contour segments into a single 
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closed loop. The manner in which the step 3118 combines these regions will be described 
later in more detail with reference to Fig, 32. After the completion of the stqp 31 18, the 
method 600 then proceeds to step 3124, 

The method 600, during step 3120, creates a single closed loop defined by the 

5 current contour segment that excludes the starting point S. In this regard, it should be 
noted that the single closed loop is foraied from this contour segment only and not a pair 
of contour segments. Specifically, the step 3 120 computes the area value A of that region 
boimded by the current contour segment and the pixel boimdary that excludes the starting 
point S. In computing this area value A, the step 3120 utilizes those techniques as 

10 described above in Section "5.0 Coverage area of a Region defined by a single contour 
segment". The step 3120 fuithcrmore creates a binary mask B= m^ representative of this 
single closed loop in the manner as described in Section "7,1 Mask Creation". After 
completion of step 3120, the method 600 then proceeds to step 3124- 

The method 600, during step 3122, creates a single closed loop defined by the 

15 current contour segment that includes the starting point S, In this regard, it should be 
noted that the single closed loop is formed fi-om this contour segment only and not a pair 
of contour segments. Specifically, tiie step 3122 computes the area value A of that region 
bounded by the current contour segment and the pixel boundary that includes the starting 
point iS". In computing this area value A, the step 3122 utilizes those techniques as 

20 described above in Section "S.O Coverage area of a Region defined by a single contour 
segment'*. The step 3122 fiirthermore creates a binary mask B = mx representative of this 
single closed loop in the manner as described in Section '7.7 Mask Creation", After 
completion of step 3 122, the method 600 then proceeds to step 3 124. 

The method 600 then adds 3124 the single closed loop created during step 3118, 

25 3120 or 3122 to die accumulator. The manner in which the method 600 performs the task 
of adding a closed loop to the accumulator will be described later in more detail with 
reference to Fig. 33. After completion of step 3124, the method proceeds to step 3126. 
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The method 600 during step 3126 removes those contour segment(s) from the 
currently scanned pixel that make up the single closed loop created during step 3118, 
3120, or 3122* As mentioned previously, these contour segments are not physically 
removed from the currently scanned pixel, but rather the method 600 flags those contour 
segments in the indexed list as being removed. After completion of the step 3126, the 
method 600 retums to step 3106, where the method 600 traverses to the next exit point, 
entry point, or if there are no more exit or entry points to point S, The method 600 then 
processes this new point ii;i the same fashion as described above- 
Turning now to Figs, 32, fhere is shown in more detail a flow chart of step 31 18 of 
Fig, 31B m accordance with ttie method 600, After the decision block 3116 retums 
FALSE (No), the mefliod 600 thra proceeds to step 3202. 

The method 600 during this step 3202 detennines the area value of the region 
defined by the previous contour segment Speoifically, the step 3202 computes the area 
value X of that region bounded by the previous contour segment and the pixel boundary 
that includes the currently traversed point and assigns it to a variable x. In computing this 
area value, the step 3202 utilizes those techniques as described above in Section "5M 
Coverage area of a Region defined by a single contour segment". The method 600 during 
this step 3202 also creates a binary mask m^ representative of the region defined by the 
previous contour segment in the manner as described in Section "7 J Mask Creation''. 
After the completion of this step 3202, the method 600 proceeds to step 3204, 

The method 600 during this step 3204 detennines the area value y of the region 
defined by the cuirent contour segment Specifically, the st^ 3202 computes the area 
value y of that region bounded by the current contour segment and the pixel boundary 
that excludes the previous traversed point and assigns it to a variable y. In computing this 
area value, the step 3204 utilizes those techniques as described above in Section "5.0 
Coverage area of a Region defined by a single contour segment*'. The method also 
during this step 3204 creates a binary mask my representative of the region defined by the 
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current contour segment in the manner as described in Section '7.7 Mask Creation*^ 
After the completion of this step 3204, the method 600 proceeds to step 3206, 

The method during this step 3206 performs the logical operation mxy * mx AND 
my , where the binary masks mx and my are representative of the previous and current 
5 contour segments respectively. After completion of this step 3206, the method proceeds 
to a series of decision blocks 3208 and 3210. The puipose of step 3206 and decision 
blocks 3208 and 3210 is to determine whether one region is subsmned by the other, and if 
so which region. 

Specifically, after completion of step 3206, the method 600 proceeds to decision 

10 block 3208 where a check is made whether my = mxy and x>«y. Namely, the decision 
block 3208 checks whether the region y defined by tiie current contour segment is totally 
subsumed within the region x dejfined by the previous contour segment If the decision 
block 3208 returns TRUE (yes), then the method proceeds to step 3212. 

The method 600 during this step 3212 creates the constituent region of the single 

15 closed loop comprising the current and previo\js contour segments. Specifically, the 
method 600 determines and sets 3212 the area value of A == x - y of this new constituent 
region. The method then creates 3218 a binary mask B m^ XOR my representative of 
this new constituent region. After completion of this step 3218, the method proceeds to 
step 3124 (Fig. 31), where the single closed loop is added to the accumulator, 

20 On the other hand, if the decision block 3208 returns FALSE (No) the mefiiod 600 

proceeds to decision block 3210, where a check is made whether m* = mxy and y>=x. 
Namely, the -decision block 3210 checks whether the region x defined by the previous 
contour segment is totally subsumed wifliin the region y defined fay the current contour 
segment If the decision block 3210 returns TRUE (yes), then the method 600 proceeds 

25 to st^ 3214. 

The method 600 during this st^ 3214 creates the constituent region of flie single 
closed loop comprising the current and previous contour segjnents. Specifically, the 
method 600 determines and sets 3214 the area value of A == y - x of this new constituent 
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region. The method then creates 3218 a binary mask B^xrix XOR my representative of 
this new constituent region, After completion of step 3218, the method proceeds to step 
3124 (Fig. 31), where flie single closed loop is added to the accumulator, 

If on the oth^ hand, decision block 3210 returns FALSE (No), then the current 
5 and previous contour segments fbnn a self-intersecting loop and the method 600 proceeds 
to step 3216. The method 600 during this step 3216 creates the constituent region of the 
single closed loop comprising the cuirent and previous contour segments, Specifically, 
the method 600 determines and sets the area value of A = x + y - 2xy of this new 
constituent region. The method then creates 3218 a binary mask B - mx XOR my 
10 representative of tins new constituent region. After the completion of step 3218, the 
method proceeds to step 3124 (Fig. 31), where the single closed loop is added to the 
W accumulator. 

yj Turning now to Fig. 33, there is shown a flow chart of step 3124 of Fig, 31B in 

^ accordance with the variation of the method 600 shown in more detail- After completion 

15 of any one of the steps 31 18, 3 1 16, or 3122 the method calls this step 3 124, which is in 

flj the ft>nn of a sub^process. The method 600 passes to the sub-process 3 124 an area value 

A and a binary mask B for updatmg the accumulator. This sub-process 3124 is 

□ essentially equivalent to the sub-process described with reference to Fig. 29 with the 

exception of the final updating step 33 1 8 and only the latter will now be described, 
20 After the completion of any one of the steps 3310, 3312, 3314 or 3316 the sub- 

process proceeds to step 3318, which updates the values stored in the accumulator. The 
variables a and d«iote the coverage area of the accumulator and its binary mask 
respectively stored in the accumulator and A and B denote the coverage area of 
constituent region to be merged and its binary mask respectively. Computation of the 
25 coverage area of the combined region is dependent on how the two regions intersect one 
another, which is in turn dictated by the interaction between the two binary masks nia and 
B, according to Table 1. The process then updates the coverage area variable a currently 
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stored in the accumulator with the value a*, and the binary mask ma cuirently stored in the 
accmnulator with the binary mask ma OR B. 

After completion of the updating step 33 1 8 the process returns to the main method 
600 and stq) 3126, 

5 Returning to Figs. 31 A, as mentioned earlier, if the decision block 3108 returns 

TRUE (Yes), that is the currently traversed point is point the method 600 then proceeds 
to decision block 3128, where the method 600 commences the final processing of the 
currently scanned pixel 

During decision block 3 128, the method 600 checks whether the currently updated 

10 variable w is even. If the decision block 3128 returns TRUE (Yes), then the method 
proceeds to step 3130, where the overall real opacity of the cim-ently scanned pixel is 
computed in accordance with the formulae: 

Opacity - aa, where a is the coverage area value currently stored in the 
accimiulator and oc is the intrinsic opacity of the polygon. In this particular case, as is 

15 even the final winding count w makes no contribution to the overall real opacity of the 
currently scanned pixel. 

On the other hand, if the decision block 3128 returns FALSE (No), then the 
method proceeds to step 3122, where the ovemll real opacity of the currently scanned 
pixel is computed in accordance with the formulae: 

20 Opacity = (l-a)a, where a is the coverage area value currently stored in the 

accumulator and a is the intrinsic opacity of the polygon. In this particular case, w is odd 
and the effect of adding to the accumulator an odd niraiber of loops that fully enclose the 
pixel is equivalent to inverting the coverage area of the pixel. This is because the 
additional loops combine destmctively with the accumulator. 

25 After completion of steps 3122 or 3130, the method 600 then proceeds to step 

624, where the currently scanned pixel is rendered in accordance with the computed real 
opacity. After completion of step 624, the method 600 then proceeds to the next pixel 
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wiflun the scanline for processing. If there are no more remaining pixels within the 
scaaline to be processed, the method 600 terminates and returns to the main method. 

The aforementioned raethod(s) comprise a particular control flow. There are 
many other variants of the preferred method(s) which use different control flows without 
dq^ng the spirit or scope of Ike invention- Furthermore one or more of the steps of the 
prefeired mefhod(s) may be performed in patallel rather sequential. 
12.0 Preferred Apparatus 

The method(s) of Fig. 6 and 36 are preferably practiced using a conventional 
general-purpose computer system 3400, such as that shown in Fig. 37 wherein the 
processes of Figs, 6 and 36 may be implemented as software, such as an application 
program executmg within the computer system 3700. In particular, the steps of the 
method(s) of Fig. 6 and 36 are effected by mstructions in the software that are carried out 
by the computer. The software may be stored in a computer readable medium, including 
the storage devices described below, for example. The software is loaded into the 
computer from the computer readable medium, and then executed by the computer. A 
computer readable medium havmg such software or computer program recorded on it is a 
computer program product. 

The computer system 3700 comprises a computer module 3701, input devices 
such as a keyboard 3702 and mouse 3703, output devices including a printer 3715 and a 
display device 3714. A Modulator-Demodulator (Modem) transceiver device 3716 is 
used fay the computer module 3701 for communicating to and from a communications 
network 3720. for example connectable via a telephone line 3721 or other fimctional 
medium. The modem 3716 can be used to obtain access to the Intemet, and other 
network systems, such as a Local Area Network (LAN) or a Wide Area Network (WAN). 

The computBT module 3701 typically includes at least one processor unit 3705, a 
memory unit 3706, for example formed from semiconductor random access memory 
(RAM) and read only memory (ROM), input/output (I/O) interfaces including a video 
interface 3707, and an I/O interface 3713 for the keyboard 3702 and mouse 3703 and 
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optionally a joystick (not illustrated), and an interface 3708 for the modem 3716. A 
storage device 3709 is provided and typically includes a hard disk drive 3710 and a 
floppy disk drive 3711 . A magnetic tape drive (not illustrated) may also be used. A CD- 
ROM drive 3712 is ^ically provided as a non-volatile source of data. The components 
5 3705 to 3713 of the computer module 3701, typically communicate via an interconnected 
bus 3704 and in a manner which results in a conventional mode of operation of the 
computer system 3700 known to those in the relevant art. Examples of computers on 
which the embodiments can be practised include IBM-PC's and compatibles;^ Sxm 
Sparcstations or alike computer systems evolved therefix)m. 

10 Typically, the application program of the preferred embodiment is resident on the 

hard disk drive 3710 and read and controlled in its execution by the processor 3705. 
Intemiediate storage of the program and any data fetched fix)m the network 3720 may be 
accomplished using the semiconductor memory 3706, possibly in concert widi flxe hard 
disk drive 3710. In some instances, the application program may be supplied to the user 

15 encoded on a CD-ROM or floppy disk and read via the corresponding drive 3712 or 371 1, 
or alternatively may be read by the user from the network 3720 via the modem device 
3716, Still furth(^, the software can also be loaded into the computer system 3700 from 
other computer readable medixmi including magnetic tape, a ROM or integrated circuit, a 
magneto-optical disk, a radio or infra-red transmission channel between the computer 

20 module 3701 and another device, a computer readable card such as a PCMCIA card, and 
the Internet and Intranets including email transmissions and information recorded on 
websites and the like. The foregoing is merely exemplary of relevant computer readable 
mediums. Ottier computer readable mediums may be pra^cticed without departing from 
die scope and spirit of the invention. 

25 The method(s) of Fig- 6 and 36 may alternatively be implemented in dedicated 

hardware such as one or more integrated circuits performing the functions or sub 
functions of the method(s). Such dedicated hardware may include graphic processors, 
digital signal processors, or one or more microprocessors and associated memories. 
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Industrial Applicability 

It is apparent from the above that the embodiments of the invention are applicable 
to the computer graphics and related industries. 

The foregoing describes only one some embodiments of the present invention, and 
modifications and/or changes can be made thereto without departing j&om the scope and 
spirit of the invention, the embodiment(s) being illustrative and not restrictive. 
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